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' Executive Summary

This document is Addendum 4 of the Integrated 100 Area Remedial Investigation/
Feasibility Study Work Plan (DOE/RL-2008-46)." The purpose of a work plan is to
explain the Remedial Investigation/ Feasibility Study (RI/ES) project background and
rationale, and provide detailed plans for investigation of contaminated sites under the
Comprehensive Environmental Response, Compensation, and Liability Act of 19802
(CERCLA). This document supports final remedy selection under CERCLA for
100-F/IU-2/1U-6 at the Hanford Site. The CERCLA RI/FS results are also intended to
address Resource Conservation and Recovery Act of 19763 (RCRA) corrective action
requirements for areas of RCRA concern. Five 100 Areas (Figure ES-1) have been
defined for the River Corridor: 100-B/C, 100-K, 100-D and 100-H, 100-N, and 100-F
combined with 100-IU-2/6 Operable Units (OUs). Planning for the 300 Area will be
addressed separately. These areas combine groundwater contamination, soil
contamination sites, and facilities in geographic areas that encompass the 100 Area

National Priorities List# sites.

' The Integrated Work Plan (DOE/RL-2008-46) implements an approach designed to reach
final remediation decisions, describes key features of the planning process to support
implementation of this approach, and provides important key regulatory considerations
and risk assessment uncertainties common to the 100 Area. This document provides
site-specific information for 100-F/IU-2/1U-6. The 100-F/IU-2/IU-6 area includes the
100-FR-1, 100-FR-2, 100-IU-2, and 100-IU-6 source OUs, the 100-FR-3 groundwater
OU located beneath 100-F, and IU-2 and TU-6. The location of 100-F/[U-2/IU-6 and
proximity to other areas is provided in Figure ES-1. As shown in Figure ES-1, 100-F
includes the land around the F Reactor, and 100-IU-2/IU-6 encompasses the portion of
land outside Hanford’s Central Plateau, primary reactor operating areas, and the

300 Area.

1 DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Rev. 0,
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
hitp://www5.hanford.qov/arpir/?content=findpage&AKey=1002260412.
2 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.
Available at: http://epw.senate.gov/cercla.pdf.
3 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at:
‘ hitp://www.epa.gov/epawaste/inforesources/online/index.htm.
40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations.
Available at: http://www.access.gpo.gov/nara/cfriwaisidx 09/40¢cfr300 09.html.




River Corridor Boundaries

Areas |Hectares | Acres

100-BC 1200 2900

100-D/H 2000 5000

100-F/

1U2/1U6 38000 93000
100-K 900 2200
100-N 900 2200

300 15000 36000
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N 100-Area BC Waste Sites
[ 100-Area K Waste Sites
N 100-Area N Waste Sites
[N 100-Area D Waste Sites
N 100-Area H Waste Sites
N 100-Area F Waste Sites
N 400 Area Waste Sites

I 300 Area Waste Sites
s 600 Area Waste Sites

(lU2/1U6)
Paved Road (Primary)
Paved Road (Secondary)
Unpaved Road/Trail
Railroad
/\/ Area Boundry
4

TU2/1U6

CHPUBS1003-09.1
Figure ES-1. River Corridor Boundaries
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This addendum is based on the premise that there are data gaps and uncertainties that
should be addressed to support final remediation decisions. In 100-F/IU-2/1U-6,
substantial work to remove contaminated soil and remove defunct facilities has been
completed over the past decade or is planned over the next few years. The results of these
activities provide the basis for identifying the remaining uncertainties needed to make

final remediation decisions.

A systematic planning process was used to develop a program for data collection and
analysis to support final remediation decisions at 100-F/IU-2/1U-6. The following key

elements were identified during this systematic planning process.

Investigation work at 100-F/IU-2/IU-6 will be conducted in accordance with the
Integrated Work Plan (DOE/RL-2008-46). No exceptions are noted in this addendum.

Site Background

The 100-F area encompasses the F Reactor operating region and includes the 100-FR-1
and 100-FR-2 source OUs, and the 100-FR-3 groundwater OU. The IU-2 and IU-6 source
OUs cover a large area outside of the Hanford Site’s primary reactor operating areas.
Background information for this area includes past operational history of the facilities
(with an emphasis on disposal operations), the known nature and extent of groundwater
and soil contamination, known hydrogeologic information, source and groundwater
remedial actions and their effectiveness, and the results of any treatability and

characterization studies.

Appendix A shows the locations of 100-F Area waste sites, the locations of the
100-1U-2/TU-6 waste sites, and the F Reactor Area. Appendices B and C provide

a complete listing of waste sites and facilities, including descriptions, histories, and
classifications. As of December 2009, 257 waste sites and two discovery sites (259 total
sites) exist within 100-F/IU-2/IU-6. Of these waste sites, 105 are within 100-F and 154
are in the 100-IU-2 and 100-IU-6 OUs. These waste sites consist mainly of inactive waste
sites described as trenches, ditches, cribs, ponds, burial grounds, and unplanned releases.
Some of the waste sites have been closed out on an interim basis, rejected, or identified
for no action. These classifications are defined in the Integrated Work Plan
(DOE/RL-2008-46). Table 3-3 summarizes the individual waste site classifications and

identifies hexavalent chromium (Cr(VI)), strontium-90 (Sr-90), and orphan waste sites.

vii
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There are 84 accepted sites and 2 discovery sites in 100-F/TU-2/IU-6. Sitcs with a status
of accepted or discovery are considered unremediated sites in this plan. Documentation to
support the disposition or completion of interim remedial action at five of these sites is in
progress or has been submitted to the regulatory agencies for approval. The design and
active remediation of another 10 sitcs continues. Remedial actions and site evaluations

are being planned for the remaining sites.

Initial Evaluation

The primary sources of contamination in the 100-F area of 100-F/TU-2/TU-6 is the
watcr-cooled nuclear reactor (105-F) and the structures (e.g., fuel storage basins [FSB])
and processes (e.g., sodium dichromate process) associated with rcactor operations. The
rcactor was built to irradiate uranium-cnriched fuel rods from which plutonium and other
special nuclear materials could be extracted (in the 200 Area). The processes associated
with rcactor operations generated large quantities of liquid and solid wastes. Liquid and
solid wastes from rcactor opcerations and associated facilities, as well as from the
Experimental Animal Farm (EAF), were released to the soil column and the Columbia
River. Sources of contamination include spills, leaks, and past liquid and solid waste

disposal sites.

The impact of Hantord site-specific past practices in the 100-IU-2 and 100-1U-6 OUs is
limited i naturc. Most identified waste sites in this arca can be traced to pre-Hanford
activities (agricultural, domestic) or non-production-related activitics such as temporary
worker housing or security. Extensive investigations have been conducted to identify

these sites and verify their existence as pre-Hanford or non-production-related features.

Hydrologic processes have influenced contaminant distribution in the subsurface as well
as groundwater flow. Processes affecting contaminant migration continue (¢.g., changing
river stage). Effects of local anthropogenic alterations to groundwater flow have
diminished over time with the cessation of reactor operations {¢.g., no more

coolant disposal).

Conceptual Site Model

The Conceptual Site Model (CSM) is a description of the site that organizes the available
information and provides a summary of the site conditions. The CSM is developed to
depict what is known about the site history (including process history), concentrations

and location of contamination, and information needed to support decisions on
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‘ remediation. The CSM is used to identify data and information gaps, establish data needs,
and design a field program to address the gaps.

Hexavalent chromium (Cr(VI)), nitrate, Sr-90, and trichloroethene (TCE) have been
detected at concentrations above the water quality standards in the upper part of the
unconfined aquifer in the 100-F Area. The spatial extent of contamination has not been
defined in all locations, and the vertical distribution of contamination has not been
characterized. In addition, not all groundwater contaminants of potential concern

(COPCs) are routinely monitored.

Historical records show that Cr(VI) was released into the environment primarily as
a dissolved species in two types of solutions: stock solutions used to make reactor coolant
and the reactor coolant itself. Unlike the Cr(VI) contamination observed from the process
at 100-D, it appears that only relatively low concentration Cr(VI) waste was discharged
to the subsurface at 100-F because of the production facility setup. There was a much
longer period where dry dichromate powder was used to mix corrosion control solutions
for 105-F Reactor water treatment as compared to other 100 Area reactors, and the
installation of newer equipment during the plant upgrades diminished the opportunity for
‘ leaks of the concentrated 70 percent solution. However, the delivery of the 70 percent
solution into the storage tanks at 185/190-F (DUN-1818, Discharge of Sodium
Dichromate Solution, Compliance with Executive Order 11258%) was not completely
efficient, and yellowish stained soil around the storage tank location indicate some losses.
The fraction of delivered 70 percent solution lost to the subsurface is not known;
however, the current concentrations observed in groundwater do not indicate the presence

of a highly concentrated, persistent source.

. 5 DUN-1818, 1966, Discharge of Sodium Dichromate Solution, Compliance with Executive Order 11258, Douglas
United Nuclear, Inc., Richland, Washington.



DOE/RL-2008-46-ADD4, REV. 0

The EAF, formerly Jocated in the northeast portion of 100-F near the 116-F-9 Trench and
116-F-2 Trench, was used to test the effects of radioactivity and radiological .
contamination on living organisms, including both plants and animals, and is a likely

sourcc for the current nitrate contamination. Nitrate is a common component of animal

urinc and feccs. Since the animal pens had dirt floors, the disposal of contaminated urine

and manure directly to the floors of the pens contributed to nitrate contamination in this

arca, over and above conventional laboratory and decontamination usc during production.

An additional source of nitrate is the pre-ITanford agricultural use.

Facilities producing biological waste materials contaminated with Sr-90 included the
EAF and radioccology laboratory. The EAF was located within the current footprint of
the Sr-90 plume within 100-F. The most likely explanation for the continued clevated
presence of Sr-90 in groundwater within 100-F is the use of Sr-90 in biological
experiments. Possible sources are releases from its usc in biological experiments at the
EAF and discharges to the 116-F-9 Trench. The disposal of contaminated urine and
manure directly to the ground (via animal pens with dirt floors), coupled with the
modcrate solubility of Sr-90, most likely contributed to some accumulation in the vadose
zone. Strontium-90 was also present in solid waste disposed at various burial grounds. .
The 118-F-1 and 118-F-6 solid waste burial grounds are located southwest of the

105-F Reactor. These arc also possible sources of current aquifer contamination, although

these locations arc much less likely to be significant compared to liquid discharge sites.

In 1993, the Limited Field Investigation (LFI) conducted for 100-FR-3 identified TCE as
a COPC (DOE/RL-93-83, Limited Field Investigation Report for the 100-FR-3 Operable
Unit 9). In groundwater samples collected in 1994, TCE was detected at concentrations
exceeding the state and federal drinking water standards of 5 micrograms per liter (ug/L).
The source of the TCE groundwater plume has not yet been identified. However,
concentrations within the plume have been decrcasing; thercefore, a concentrated residual

source of TCE: is not suspected.

The impact of past practices in the 100-1U-2 and 100-1U-6 OUs is limited in nature, and is
predominantly nonradioactive. Most waste sites in this area can be traced to pre-Hanford
activities (agricultural. domestic) or non-production-related activitics such as temporary

worker housing or sccurity. Extensive investigations have been conducted to identify most

6 DOE/RL-93-83, 1994, Limited Field Investigation Report for the 100-FR-3 Operable Unit, Rev. 0, U.S. Department ‘
of Energy, Richland Operations Office, Richland, Washington.
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of these sites as pre-Hanford or non-production-related features. These sites do not appear
to have had a significant impact on groundwater. Groundwater contamination in the
100-1U-2 and 100-1U-6 OUs (e.g., trittum and iodine-129) has sources in the 200 Area.
These plumes are addressed as part of the 200-BP-5 and 200-PO-1 groundwater OUs.

Work Plan Rationale and Tasks

Based on the previous information available and the current understanding of

contaminants in 100-F/TU-2/ TU-6, a list of data gaps (or statements of uncertainty) was
identified, as presented in Table ES-1. Each of the data gaps are defined by a data need
that, when filled, provides information to reduce or eliminate the uncertainty associated

in the data gap to the degree needed to make a final cleanup decision.

Table ES-1 provides a summary of the data gaps and needs, as well as the specific work
proposed for this work plan. The proposed field sampling locations are shown in
Figures ES-2 and ES-3. Several ongoing programs (e.g., facility demolition, waste site
remediation, and orphan site evaluation) are also expected to provide data that will
resolve many of the uncertainties identified for 100-F/IU-2/IU-6. The Sampling and
Analysis Plan (SAP) (DOE/RL-2009-43, Sampling and Analysis Plan for the 100-FR-1,
100-FR-2, 100-FR-3, IU-2, and IU-6 Operable Units Remedial Investigation/Feasibility
Study’) identifies only those data collection activities that these ongoing programs will
not address. The RI/FS report developed for 100-F/IU-2/1U-6 will take full advantage of
data and information obtained by ongoing groundwater monitoring and remediation
programs that are available during the development of the report. The results of ongoing
deactivation, decommissioning, decontamination, and demolition (D4), waste site Interim
remediation actions, and groundwater monitoring activities, in addition to proposed
investigations, will be used in the selection of final remedies and will be incorporated

into a proposed plan that will lead to a final Record of Decision (ROD).

Project Schedule

The RI/FS and Proposed Plan are scheduled to be completed by November 30, 2011, and
the ROD is estimated to be issued by April 30, 2012.

‘ 7 DOE/RL-2009-43, 2009, Sampling and Analysis Plan for the 100-FR-1, 100-FR-2, 100-FR-3, IU-2, and IU-6
Operable Units Remedial Investigation/Feasibility Study, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.
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Table ES-1. 100-F/IU-2/1U-6 Data Gaps
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Additional Data

Data Data Collection
Gap Data Gap No. Need Description Recommended? Scope of Work Justification
Data are needed to refine the 1 Assess the nature and Continue interim remedial actions, as they have Yes Complete contaminated soil removal and sampling at The Remediation is needed to protect human
conceptual site model of vertical extent of proven to be efficient in obtaining the necessary data 14 waste sites in 100-F and 70 waste sites in the health and the environment. Data collected upon
contaminant distribution contamination beneath during remediation. 100-IU-2 and 1U-6 OUs. The unremediated waste sites  completion of remediation are needed to assess
beneath unremediated unremediated waste sites. o0 datg documenting the remaining residual are listed in Appendix B, and the SAP risk from direct exposure, protection of _
waste sites. contamination following completion of the interim (DOE/RL-2009-43). grpundwater, and protection of the Columbia
remedial actions. A site-specific evaluation shall be performed on site River.
100-F-59 to determine if existing data are consistent Data collected from 100-F-59 indicate that
with the current RCBRA. contaminant concentrations are above background
concentrations. A site-specific evaluation is
needed to support final remedy selection.
Data are needed to refine the 2 Assess the nature and Drill two boreholes and collect samples for analysis Yes Drill one borehole each at the following waste sites: the  Characterization is needed to validate interim
conceptual site model of vertical extent of for target analytes to assess the vertical extent of 116-F-14 Retention Basin and the 118-F-1 Burial remedial action, and address uncertainty regarding
contaminant distribution contamination beneath contamination in the vadose zone at the Ground. Collect and analyze soil samples for target the nature and extent of residual contamination in
beneath selected remediated selected remediated borehole locations. analytes. Details are presented in the SAP the vadose zone.
waste sites. waste sites. (DOE/RL-2009-43).
Data are needed to refine the 3 Assess the nature and Drill one borehole near the reactor structure in an Yes A borehole in the boundary of the 118-F-8 Reactor Fuel The 118-F-8 Reactor Fuel Storage Basin was
conceptual site model of vertical extent of area most likely to be contaminated and collect Storage Basin will be drilled and soil samples will be selected for additional characterization because of
contaminant distribution contamination in the samples for analysis for target analytes to assess the collected and analyzed to target analytes. Details are documented leaks at this location.
beneath and around vadose zone around the vertical extent of contamination in the vadose zone. presented in the SAP (DOE/RL-2009-43).
reactor structures. 105-F Reactor structure.
The nature and extent of 4 Identify groundwater Groundwater contamination has been detected at Yes Install two new groundwater monitoring wells New wells are proposed to further define the
contamination exceeding contaminants and define concentrations above water quality standards in the (Figure ES-2). Well 1 will be installed to further define the extent of Cr(VIly and Sr-90 contamination. The
cleanup standards in the the extent of unconfined aquifer in 100-F. The extent of extent of Cr(VI). Well 2 will be installed to further define extent of Cr(VI) contamination has not been
unconfined aquifer has neither contamination both contamination in the unconfined aquifer has not been the extent of Sr-90. Well 3 will be drilled into the RUM Unit  sufficiently defined to the west of Well 199-F5-6.
been defined in all areas nor for horizontally and vertically.  fully defined horizontally or vertically. and will define the vertical distribution of contaminants The extent of Sr-90 contamination has not been
all COPCs. through the unconfined aquifer and within the RUM Unit. sufficiently defined to the south of the 116-F-14
Groundwater samples will be collected at various depths Retention Basin.
and analyzed for COPCs, as specified in the SAP.
Sample new and existing monitoring wells for all
groundwater COPCs. Details are found in the SAP
(DOE/RL-2009-43). Sampling will also be conducted to
address data gap No. 8.
Contaminant concentrations 5 Data from the aquifer tube  Aquifer tubes have been installed to analyze Yes Continue routine sampling of existing aquifer tubes per ~ Continued sampling is needed to define the nature
entering the Columbia River network are needed to groundwater contaminants discharging to the river. the SAP for Aquifer Sampling Tubes and extent of groundwater contamination
are not well known. monitor contaminant These aquifer tubes are typically analyzed for (DOE/RL-2000-598). approaching and entering the river.
concentrations over time contaminants once a year.
and with depth near
the river.
Contaminant fate and transport 6 Evaluate the integrity of The RUM Unit is currently considered an aquitard. Yes Collect split-spoon soil samples from 1.5 m (5 ft) into Only one well has been completed within the RUM

beneath the unconfined aquifer
have not been evaluated
sufficiently over
100-F/1U-2/1U-6.

the aquitard unit and
contaminant fate and
transport within

the aquitard.

The integrity of the aquitard unit and potential
contaminant transport within the aquitard have not
been evaluated.

the RUM Unit during drilling for new wells 1 and 2,

and 15 m (50 ft) into the RUM Unit during drilling for
new Well 3 (Figure ES-2). Screen Well 3 within the first
water-bearing zone within the RUM Unit and analyze
groundwater samples for COPCs.

8 DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling Tubes, Draft A, U.S. Department of Energy, Washington, D.C. Available at: http://www5.hanford.qov/arpir/?content=findpage&AKey=D8509895.

Unit in 100-F/1U-2/IU-6. Data are needed to
confirm that the RUM Unit serves as an aquitard
and that groundwater within the RUM Unit is not
contaminated.
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Table ES-1. 100-F/IU-2/IU-6 Data Gaps

Additional Data

Data Data Collection
Gap Data Gap No. Need Description Recommended? Scope of Work Justification
Data are needed for a better 7 Geological On selected soil samples, evaluate hydraulic and Yes Drill and sample soil and groundwater from the three Data are needed to support fate and transport
understanding of characterization, physical,  other properties, analyze target compound new wells (Figure ES-2). Drill Wells 1 and 2 to a depth modeling and evaluate the causes of
hydrogeological conditions, and hydraulic property concentrations, and perform batch leach tests. of 5 m (15 ft) into the RUM Unit, and drill Well 3 to a contaminant persistence.
aquifer and surface water data are needed to Analyze groundwater samples collected during drifling depth of 15 m (50 ft) into the RUM Unit. Screen Well 3
interactions, and contaminant support modeling for COPCs. Collect soil and groundwater samples in the first water-bearing zone encountered in the RUM
mobility through the and analysis. from the (1) vadose zone, (2) deep vadose zone, Unit. Analyze soil samples collected from the vadose
vadose zone. (3) rewetted zone, (4) shallow unconfined aquifer, zone, unconfined aquifer, and RUM Unit and analyze
(5) deep unconfined aquifer above the RUM Unit, and groundwater samples from the unconfined aquifer and
(6) within the RUM Unit. the RUM Unit (if sufficient water is available for
sampling) per the SAP.
Install and monitor pressure transducers in selected
wells to determine horizontal hydraulic gradient and
vertical gradient.
Data are needed to reduce the 8 Reduce uncertainty in Obtain groundwater data that are spatially Yes Collect and analyze groundwater samples from Groundwater data are needed to assess the full

uncertainty in the nature and
spatial and temporal
distribution of groundwater
contamination.

assessing risks posed by
groundwater
contamination.

representative of the area, that aid evaluation of river
stage influence. and are inclusive of all COPCs.

55 groundwater monitoring wells in 100-F/1U-2/1U-6 to
characterize the nature and extent, and temporal
variability. of groundwater contamination. Three rounds
of groundwater sampling will be conducted, during
high, low, and transitional river stage. Wells are shown
in Figures ES-2 and ES-3. Details are presented in the
SAP (DOE/RL-2009-43).

suite of COPCs and evaluate spatial and temporal
uncertainties associated with the RCBRA. Many of
the wells are sampled to aiso achieve objectives of
the 200 Area groundwater OUs; sampling and
analysis are coordinated to avoid duplication of
effort.

Note:

COPC = contaminant of potential concern

Cr(VI) = hexavalent chromium

ou = Operable Unit

RCBRA = River Corridor Baseline Risk Assessment
RUM = Ringold Formation Upper Mud Unit

SAP = Sampling and Analysis Plan

Sr-90 = Strontium-90

Xiv
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1 Introduction
This document is Addendum 4 to DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/

Feasibility Study Work Plan, hereafter referred to as the Integrated Work Plan. This addendum describes
100-F/TU-2/IU-6 and planned efforts to conduct a remedial investigation (RI) and feasibility study (FS) in
support of a final record of decision (ROD) for the 100-FR-1, 100-FR-2, 100-IU-2, and 100-IU-6 Source
Operable Units (OUs), and the 100-FR-3 Groundwater OU. Figure 1-1 presents the relationship between

the RI/FS work plan and this addendum.

- Scope and Objectives

: - Hanford Site Overview - Preliminary ARARs
- Hanford Site Strategy : . : : ;
. H - Implementation History - Community Relations
- Integration of RCRA P e
: ISE - Area Descriptions - Data Evaluation
Corrective Action into e : 5 =
CERCLA - Preliminary Remedial Action - Assessment of Risk
Objectives - Feasibility Study Process

- Systematic Planning Process

100 AREA
WORK PLAN

T ——

100-D/H 100-K 10 100-F/1U-2/ ——
Addendum 1 Addendum 2 Addendum 3 TU-6 Addendimis
= Addendum 4 =

- Conceptual Site Model - Data Needs - Project Schedule
- Environmental Setting - Treatability Studies - Vadose Zone Target Analyles
- History of Operations - Groundwater COPCs

ARAR  applicable or relevant and appropriate requirement

CERCLA Compretiensive Environmental Response, Conipensation, and Liabiiity Act of 1980
COPC contaminaut of potential concem
RCUCRA Resource Conzervation and Recovery Actof 1976

CHPUBS1004-19.3

Figure 1-1. Relationship between the Work Plan and the Addenda

This addendum was developed through multiple interview sessions, workshops, and task teamwork
organized through the Systematic Planning Process with the participation of subject matter experts.

The following sections of the Integrated Work Plan (DOE/RL-2008-46) are included by reference:

e Assessment of Baseline and Residual Risks in the 100 Area (Section 3.6)

e Preliminary Remedial Action Objectives (Section 4.1)

e Preliminary Remediation Goals (Section 4.2)

e Potential Applicable or Relevant and Appropriate Requirements (Section 4.3)
e Preliminary Remedial Actions (Section 4.5)
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1.1 Scope : ‘

The Integrated Work Plan (DOE/RL-2008-46) contains the planning elements that are common to all of
the Hanford Site 100 Area source and groundwater OUs, and a summary of the RI/FS tasks. This
addendum addresses the data and information needed to support the groundwater and waste site RI/FS
associated with 100-F/IU-2/IU-6. The 100-F area encompasses the F Reactor operating region and
includes the 100-FR-1 and 100-FR-2 source OUs, and the 100-FR-3 groundwater OU. The IU-2 and IU-6
source OUs cover a large area outside of Hanford’s primary reactor operating areas. Figure 1-2 shows the
location of 100-F and IU-2/IU-6 and their proximity to other 100 Area OUs.

Data gaps significant to making remediation decisions are addressed through additional data collection
and other investigations. Chapter 2 provides the background and environmental setting information
necessary to support the development of the 100-F/IU-2/IU-6 Conceptual Site Model (CSM). Chapter 3
discusses the initial evaluation and CSM components. The CSM is a useful tool to guide characterization
and identify effective remediation actions. A CSM is a representation of the site that organizes the
information available and summarizes the site conditions. More importantly, a CSM can be used to
identify data gaps and establish the programmatic priority for sampling and testing hypotheses.

In Chapter 4, the work plan rationale and associated tasks are discussed. The general project schedule is
included in Chapter 5.

The identification of data needs led to development of a sampling and analysis plan (SAP) that establishes
characterization activities specific to 100-F/IU-2/IU-6. The SAP (DOE/RL-2009-43, Sampling and
Analysis Plan for the 100-FR-1, 100-FR-2, 100-FR-3, IU-2, and IU-6 Operable Units Remedial
Investigation/Feasibility Study) includes a field-sampling plan that provides the sampling strategy and
techniques that will be used to obtain the supplemental data required for the RI/FS. The SAP also
provides a quality assurance project plan to ensure that the data collected meet the appropriate quality
assurance and control requirements. ‘

1.2 100-F/IU-2/IU-6 Remediation Accomplishments

Extensive environmental remediation and restoration activities have been completed and more are
planned at the Hanford Site. These remediation activities, many of which are ongoing, have achieved
significant cleanup progress across the site. These activities include characterization of groundwater
plumes and their potential vadose zone sources, cleanup of the groundwater and soil, and testing of new
and alternative treatment methods specific to the issues and contaminants at the Hanford Site.
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IR 100-Area BC Waste Sites
j 100-Area K Waste Sites
I 100-Area N Waste Sites
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2 Environmental Setting and Site Background

This section describes the background, history, and environmental setting of 100-F/TU-2/IU-6 and includes
information on the wastes generated and known and potential contamination. Between 1943 and 1963,
nine plutonium production reactors were built along the Columbia River at the Hanford Site. Their core
function was to produce special nuclear materials for the national defense system, with support from
ancillary and associated infrastructure capabilities. The F Reactor is located in 100-F. The surrounding
large open expanses of the River Corridor included scattered support facilities and the former townsites of
Hanford and White Bluffs (shown in Figure 2-1) and comprises the 100-IU-2 and 100-IU-6 OUs. This
information was used to guide the development of the SAP (DOE/RL-2009-43) and the conceptual site
mode! discussed in Chapter 3.

The information for 100-F in this section is derived primarily from WHC-SD-EN-TI-169, 100-F Reactor
Site Technical Baseline Report Including Operable Units 100-FR-1 and 100-FR-2; and UNI-946,
Radiological Characterization of the Retired 100 Areas. Principal sources used to describe the operations
and facilities in the 100-TU-2 and IU-6 OUs include BHI-00448, White Bluffs, 100-I1U-2 Operable Unit
Technical Baseline Report, BHI-00146, 100-1U-6 Operable Unit Technical Baseline Report;
EPA/ROD/R10-99/039, Interim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1,
100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-1U-2, 100-I1U-6, and
200-CW-3 Operable Units, Hanford Site, Benton County, Washington; and DOE/RL-95-108, Approach
and Plan for Cleanup Actions in the 100-1U-2 and 100-1U-6 Operable Units of the Hanjord Site.

2.1 Environmental Setting

Portions of the Hanford Site are designated numerically, with the location of production reactors being the
100 Area. The 100 Area is located in the northern part of the Hanford Site along the south shore of the
Columbia River. The 100 Area is divided into five areas, each of which is composed of source and
groundwater OUs (Figure 1-2). Environmental setting information common to the 100 Area is provided in
detail in the Integrated Work Plan (DOE/RL-2008-46). The environmental setting dictates much of the
behavior of contamination within the vadose zone and groundwater.

The 100-F/IU-2/1U-6 OU is located in the northern portion of the Hanford Site adjacent to the Columbia
River. Numerous environmental, geologic, and hydrogeologic investigations have been conducted in
100-F/1U-2/1U-6. The following sections summarize the findings of these investigations specific to
100-F/IU-2/TU-6 and the factors that affect contamination impacts at the Hanford Site.

211 Topography

The topography of the reactor area is relatively flat inland from the Columbia River, with elevations
generally between 120 and 130 m (395 and 425 ft) above mean sea level. Topography changes are
greatest near the river where surface elevations drop to approximately 116 m (380 ft) above mean sea
level. The area has been disturbed and graded extensively since reactor construction began in the 1950s
through present-day waste site remedial activities. The topography within the area outside of the reactor
areas varies widely. This region is relatively flat with areas of sand dunes, but also includes Gable Butte
and Gable Mountain. These features are the highest land forms within the Hanford Site, rising
approximately 60 m (200 ft) and 180 m (590 ft) above surrounding land, respectively (HNF-35051,
Small Water Systems Management Program for Group A Water Systems Managed by Fluor Hanford,
page B-1).

2-1



DOE/RL-2008-46-ADD4, REV. 0

CHPUBS1004-19.4 ‘

Figure 2-1. General Location of Features

22 \



DOE/RL-2008-46-ADD4, REV. 0

The landscape is dominated by a semiarid (steppe) environment with a sparse covering of cold-desert
shrubs and drought-resistant grasses. This landscape supports occasional small, wetland-like features
affected by drainage from infrastructure, facilities, and past development. Numerous infrastructure
features are present including pipelines, a reactor building, former waste sites, and groundwater
monitoring systems and equipment.

21.2 Geology

100-F/IU-2/TU-6 is underlain by Miocene-aged (approximately 17 to 8.5 million years old) basalt of the
Columbia River Basalt Group and late Miocene-to Pleistocene-aged supra basalt sediments
(approximately 10.5 million to 12,000 years old). The Columbia River Basalt Group is greater than

3,000 m (9,800 ft) thick. The sediments that overlie the basalts are divided into two main units: the
Ringold Formation of late Miocene to middle-Pliocene age (approximately 10.5 million to 3 million years
old present) and the Hanford formation of Pleistocene age (approximately 1 million to 12,000 years old).

Discontinuous deposits of the Cold Creek unit separate the Ringold Formation Unit E and the Hanford
formation in portions of the site near the 200 West and 200 East Areas. Holocene deposits and backfill of
silt, sand, and gravel form a relatively thin veneer at the surface. Figure 2-2 provides a generalized
cross-section of the strata observed throughout the 100 Area.

Generalized Hydrogeology of the 100 Area
HYDRO
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2.1.2.1 Ringold Formation

The Ringold Formation lies directly above the Columbia River Basalt Group. The Ringold Formation was
formed by fluvial-lacustrine (stream-lake) processes. The Ringold Formation is composed of units of
non-indurated and semi-indurated (loose to semi-hardened) clay, silt, fine to coarse-grained sand, and
granule to cobble-size gravel. The Ringold Formation Units that are the focus of contamination are the
Ringold Formation Unit E and the Ringold Formation Upper Mud (RUM) Unit. Deeper Ringold
Formation Units (e.g., Unit B, Lower Mud) are also present in the area.

The RUM Unit is a silt and clay-rich unit that is substantially less permeable than the overlying units and
is considered an aquitard rather than an aquiclude (completely impermeable layer). It spans a thickness of
approximately 34 to 38 m (100 to 125 ft) from 100-BC (199-B3-2) to the western edge of 100-F
(WHC-SD-EN-TI-221, Geology of the 100-FR-3 Operable Unit, Hanford Site South-Central
Washington). Within 100-F, the Ringold Formation has been penetrated by as much as 46 m (150 ft) in
well 100-F5-43B, which is located adjacent to 100-F5-43A (WHC-SD-EN-TI-221). The RUM Unit forms
the base of the unconfined aquifer in the 100 Area, away from the influences of ridge structures such as
(Gable Mountain and Gable Butte. On the flanks of such ridges, the basalts of the Columbia River Basalt
Group form the base of the unconfined aquifer. The hydraulic conductivity of the RUM Unit in this area
is not known. The surface topography of the RUM Unit may be a significant factor affecting contaminant
fate and transport. The RUM Unit was scoured by river channel migration and glacial flood erosion that
ultimately laid down the Hanford formation, resulting in an undulating surface.

The Ringold Formation Unit E is composed of sequences and interbeds of sand, sand and gravel, and
gravel. The Ringold Formation Unit E typically consists of fluvial gravels with lesser amounts of sand,
silt, and clay, with areas of local cementation. At 100-F, Ringold Formation Unit E has been completely
eroded by late-stage catastrophic flooding (WHC-SD-EN-TI-023, Hydrologic Information Summary for
the Northern Hanford Site). Conversely, the vadose zone includes the upper portion of the Ringold
Formation Unit E where it is exposed along the Columbia River at the western portion of
100-F/IU-2/IU-6 near 100-K. At the westernmost portion of the Hanford Site, Unit E is present up to

a thickness of more than 40 m (130 ft) (WHC-SD-EN-TI-133, Geology of the 100-B/C Area, Hanford
Site, South-Central Washington). The Ringold Formation Unit E pinches out against the flanks of
Hanford Site ridges, and thins eastward until it disappears west of 100-F.

2.1.2.2 Cold Creek Unit

The fine-grained portions of the Cold Creek Unit can influence contaminant migration by slowing its rate
of downward movement and potentially diverting contaminants laterally (Slate, 1996, “Buried Carbonate
Paleosols Developed in Pliocene-Pleistocene Deposits of the Pasco Basin, South-Central Washington,
U.S.A.”). Cold Creek Unit alluvial materials have deposited between the Ringold Formation and Hanford
formation in the interior region, but are not present in 100-F (WHC-SD-ER-TI-003, Geology and
Hydrology of the Hanford Site: A Standardized Text for Use in Westinghouse Hanford Company
Documents and Reports; PNNL-13858, Revised Hydrogeology for the Suprabasalt Aquifer System,
200-West Area and Vicinity, Hanford Site, Washington, DOE/RL-2002-39, Standardized Stratigraphic
Nomenclature for Post-Ringold Formation Sediments Within the Central Pasco Basin).

The Cold Creek Unit’s five facies range from fine-grained, laminated to massive, fluvial overbank
sediments, to coarse-grained, basaltic or multi-lithic, alluvium, and colluvium (DOE/RL-2002-39). The
thickness of the Cold Creek Unit ranges up to 20 m (66 ft). However, its thickness and sediment types are
highly variable and discontinuous (DOE/RL-2002-39).
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2.1.2.3 Hanford Formation

Throughout 100-F/IU-2/1U-6, the Hanford formation overlies the Ringold Formation. The Hanford
formation is characterized by large to very large cobble to boulder size clasts in open framework gravels
that include discrete sand lenses, with minor to no silt and clay material. The grains typically are
sub-round to round gravel and sub-angular to round in the sand grain fraction. The gravel-dominated
facies is typically well stratified and contains little to no cementation (WHC-SD-EN-TI-132, Geologic
Setting of the 100-HR-3 Operable Unit, Hanford Site, South-Central Washington).

The Hanford formation beneath the 100-FR-3 OU varies in thickness from approximately 8 m (25 ft)
in well 199-F7-1 to approximately 24 m (80 ft) in well 199-F5-2 (WHC-SD-EN-TI-221). The Hanford
formation (an unofficial designation) consists of gravel, sand, and silt deposited by cataclysmic flood
waters that drained out of glacial Lake Missoula during the Pleistocene age (DOE/RW-0017, Draft
Environmental Assessment: Reference Repository Location Hanford Site, Washington).

The Hanford formation is divided into three facies: (1) gravel-dominated, (2) sand-dominated,

and (3) silt-dominated (DOE/RL-2002-39). The Hanford formation comprises the dominant material
throughout the 100 Area vadose zone where numerous contaminant sources either have been remediated
or await remediation.

2.1.2.4 Hanford/Ringold Contact

The top of the Ringold Formation within 100-F generally dips toward the Columbia River
(WHC-SD-EN-TI-221). Below 100-F, the Ringold Formation Unit E is absent, and the contact between
the Hanford formation and Ringold Formation occurs at the RUM Unit.

The contact between the Ringold Formation Unit E and the Hanford formation is important in the
remainder of the area because the saturated hydraulic conductivity for the gravel-dominated sequence of
the Hanford formation is generally one to two orders of magnitude higher than the more compacted and
locally cemented Ringold Formation Unit E. Since hydraulic conductivity varies with the formation,
different groundwater responses may occur where channels now filled with the Hanford formation have
been scoured into the Ringold Formation Unit E. These buried channels may serve as preferential
pathways for contaminated groundwater during high river stages (PNNL-14702, Vadose Zone
Hydrogeology Data Package for Hanford Assessments).

Hanford formation gravels overlie Ringold Formation Unit E gravels beneath the western portions of the
area. The Hanford formation is often difficult to differentiate from the Ringold Formation Unit E. The
units are differentiated based on characteristics such as a basalt clast content, gravel content, coloration,
and cementation. The Hanford formation typically is less cemented than the Ringold Formation and has
greater gravel content, but cable tool drilling can disrupt the integrity of these features. The sand fraction
in Hanford formation gravels generally contains greater than 40 percent basalt as compared to Ringold
Formation deposits that generally contain less than 25 percent basalt (WHC-SD-EN-TI-132). Hanford
formation gravels may display salt-and-pepper and gray coloring, while Ringold Formation gravels are
generally more oxidized and reddish-brown to yellow-red in color.
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Figure 2-3. 100-F/100-1U-2/IU-6 Contaminant Plumes and Flow Paths

2-7



DOE/RL-2008-46-ADD4, REV. 0

. % . 100{Ar€ﬁ>undaries /

" Inferred Groundwater Flow Dire étion \
ClIPUBS1004-19.5

Figure 2-5. Simplified Groundwater Movement at 100-F
(A: Inland; B and D: During Low to Moderate River Stage; and C: During High River Stage)

2.1.3.2 Hydrogeologic Properties

Hydraulic properties (e.g., hydraulic conductivity) control the aquifer response to fluctuating river stage,
groundwater flow, and therefore, contaminant transport in groundwater (PNNL-13674, Zone of
Interaction Between Hanford Site Groundwater and Adjacent Columbia River: Progress Report for the
Groundwater/River Interface Task Science and Technology Groundwater/Vadose Zone Integration
Project). Those contaminants that are not strongly adsorbed onto the soil matrix may also migrate through
the vadose zone to groundwater. Large releases of contaminated water to retention basins and liquid waste
disposal facilities were the responsible driving forces behind the migration, with contaminants in these
releases ultimately reaching the river (PNL-8337, Summary and Evaluation of Available Hydraulic
Property Data for the Hanford Site Unconfined Aquifer System). Strongly sorbing contaminants are
retained on sediments at or near their discharge points (PNNL-SA-53273, Hanford Site Vadose Zone
Studies: An Overview). Further chemistry changes result from constant soil re-wetting from seasonal and
diurnal river stage changes, with greatest influence nearest the river. A high river stage can cause the
water table to rise into the periodically re-wetted zone, where it comes into contact with sediment that
may contain higher concentrations of contaminants (PNNL-13674).
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The results of 1992 and 1993 hydraulic conductivity tests in various area wells indicates hydraulic
conductivities ranging from less than 0.00035 to more than 1.76 cm/sec (1 to more than 5,000 ft/day) with
most results falling between 0.0035 to 0.071 cm/sec (10 and 200 ft/day), as reported in PNL-8337. The
lower hydraulic conductivities were reported for those wells that are screened in sediments with greater
silt content (WHC-SD-EN-TI-221). At an assumed effective porosity of 0.1 to 0.3, the groundwater flow
rate ranges from 0.06 to 1.4 m/day (0.2 to 4.6 ft/day). Studies are ongoing to evaluate the physical and
chemical characteristics of vadose zone and saturated zone strata and to assign hydrologic properties to
each sediment type for modeling purposes.

2.1.3.3 Recharge

Natural and artificial recharge are key drivers of the mobilization of contaminants in the vadose zone, and
ultimately groundwater. Over the past 25 years, natural recharge has averaged more than 6 cm (2.4 in.)
per year (approximately one-third of the annual precipitation) as measured at one of the many Hanford
lysimeter sites (PNNL-SA-53273).

The most significant recharge sources are episodic meteorological events (i.e., storms and rapid
snowmelts) (PNNL-14744, Recharge Data Package for the 2005 Integrated Disposal Facility
Performance Assessment), while dust suppression during construction and source remediation activities
also plays a role in contaminant transport. Recharge rates vary seasonally with the majority occurring in
the winter and spring.

2.1.4 Human Resources

Cultural and historical information specific to 100-F/IU-2/IU-6 is included in this section.

2.1.4.1 Prehistoric Archaeological Resources

According to Relander (Drummers and Dreamers, 1986), a nearly continuous string of camps and
villages extended from the just northwest of 100-F, to downriver of the Hanford Townsite. Radiocarbon
dates obtained from these sites document a range of occupation extending nearly 9,000 years into the past.
For example, the 45BN431 Complex, adjacent to the Columbia River northeast of 100-F, is a
multi-component site. Eleven radiocarbon dates provide a range of occupation extending from 8,860 to
270 radiocarbon years old; however, five of these dates cluster between 630 and 270 years, indicating an
emphasis on relatively recent occupation(s) for this extended, linear shoreline site. Analysis of the
artifacts and features found at this site indicates it was used as a seasonal camp devoted primarily to
shellfish, fish, mammal, and plant procurement and processing (Marceau and Sharpe, 2006,
Archaeological Activities Report: Post Review Discoveries within 45BN431 at Solid Waste Site 128-F-2).

Further downriver, as recorded in 1968, site 45SBN118 consisted of 18 to 24 house pits and associated
artifacts including cobble tools and hopper mortars. The site was considered to be a large, open-air
camp/village (Rice, 1968, Archaeological Reconnaissance: Ben Franklin Reservoir Area, 1968). This site
was determined to be a contributing element to the Savage Island Archaeological District, listed on the
National Register of Historic Places in 1976. However, by 1989, surface evidence of the house pits was
lacking, but fire-cracked rock, a few flakes, anvil stones, bits of fish and mammal bones, and mussel shell
fragments were observed in an area extending along the shoreline. The shell layers were described as
extending from 1 m to more than 2 m (3.3 to more than 6.6 ft) below the surface (PNL, 1989,
Archaeological Site Monitoring Form: 45BN118). By 2001, the site had become overgrown with grasses
and bushes such that only two possible house pits were located, with none of the previously recorded
artifacts observed (PNNL, 2001, Archaeological Site Monitoring Form: 45BN118).
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A fire occurred at the 45BN 118 site in 2004. During post-fire monitoring conducted in 2004, surface
artifacts were noted again at 45BN118, mostly on the sandy terrace along the length of the site

(PNNL, 2004, Archaeological Site Monitoring Form.: 45BN118). This site provides a case study of the
effects of wind deposition of fine-grained eolian sands over the past 40 years. This natural process has
likely buried the surface manifestations of this village site under a mantle of soil approximately 0.5to 1 m
(1.6 to 3.3 ft) thick, a process accelerated by the loss of surface vegetation due to the 2004 fire. Although
artifacts may not be visible at the site, they may still be present.

2.1.4.2 Traditional Cultural Resources

Cemeteries associated with the Wanapum are known to be in the vicinity of 100-F.

2.1.4.3 Historic-Archaeological Resources

The principal historic-archaeological sites associated with 100-F are the White Bluffs and Hanford
townsites. The White Bluffs ferry landing was the upriver terminus of shipping during the

mid-19" century. It was at this point that supplies were transferred from riverboats to wagons. The first
store and ferry in the mid-Columbia were located at White Bluffs (ERTEC, 1981, Cultural Resources
Survey and Exploratory Excavations for the Skagit-Hanford Nuclear Power Project). The only structure
associated with White Bluffs that still remains is the First Bank of White Bluffs, a National Register
property. The Hanford townsite, located a short distance downriver, is manifested by two surviving
structures: the Hanford High School and the Hanford Electrical Substation-Switching Station. Both
structures have been determined eligible for listing in the National Register of Historic Places. These two
communities were the anchoring points for the agricultural development extending along the “hom” of
the Columbia River.

In December 1905, the Hanford Irrigation and Development Company organized in Seattle for the purpose
of reclaiming 12,950 ha (32,000 ac) of arid land along the Columbia River near White Bluffs. By 1909, the
18-mile-long Hanford Irrigation Canal, determined eligible for listing in the National Register, was carrying
water from the Allard Pump House near Coyote Rapids on the Columbia River to the communities of White
Bluffs and Hanford. The Priest Rapids Valley soon became one of the premier orchard regions in the state.
Farms were primarily family-operated and ranged in size from under 2 ha (5 ac) to more than 16 ha,
averaging about 8 ha (40 ac and 20 ac, respectively). Hanford and White Bluffs farmers made large
Investments in their land, constructing irrigation systems and planting a variety of crops including apples,
apricots, cherries, grapes, melons, peaches, pears, plums, strawberries, hops, alfalfa, asparagus, corn, and
potatoes. Many farms had as many as eight fields dedicated to different crops.

Others, primarily orchardists, focused on a single crop. In 1913, settlement and agricultural development in
the valley was bolstered by the construction of the Chicago, Milwaukee, St. Paul, and Pacific Railroad,
which enabled the farmers to move from local to national markets. The small family owned farms that
dominated the economy of Hanford and White Bluffs struggled during the Great Depression, but many of
the farm families were able to supplement their livelihoods with barter and non-farm employment. By the
early 1940s, conditions had started to improve. Wartime industries in eastern Washington and the
construction of the Grand Coulee Dam and Columbia Basin irrigation projects provided a significant
economic stimulus. However, the farming life in Hanford and White Bluffs came to an abrupt halt in 1943
when the U.S. government took possession of the land and removed the people from their homes
(BHI-01326, Pre-Hanford Agricultural History: 1900-1943; PNNL-14562 The Hanford and White Bluffs
Agricultural Landscape: Evaluation for Listing in the Nation Register of Historic Places). Remnants of the
Priest Rapids Valley agricultural history are located throughout 100-IU-2 and 100-IU-6 OUs.
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The Hanford Construction Camp (“Camp Hanford”) that overlics the Hanford townsite and the

workshops that lie east of White Bluffs comprise the most significant resources relating to the Manhattan
Project in this arca. The camp housed the workers and support services necessary to construct the Ianford
Site, or Hanford Engineer Works (HEW), as it was known at the time. Originally envisioned for a work
force of 25,000 to 28,000, with about half to be housed in surrounding communities, the camp grew to
about 51,000 people at its peak in 1944 (HAN-10970, Construction Hanford Engineer Works,

U.S. Contract No. W-7412-ENG-1, DuPont Project 9536, History of the Project). The U.S. Army Corps
of Engineers constructed barracks, pre-fabricated hutments, and trailer parks between April 1943 and
August 1944. “As the permanent plant work force progressed and the construction force increased,
commercial and service facilities were expanded to meet the additional requirements. Eventually, Tlanford
included stores of sufficient variety and number to satisty all the essential nceds of the population”
(HAN-10970). By latc Fcbruary 1945, the camp was abandoned. Within a year after the war ended,
whatever remained of the camp was removed and the area leveled, leaving only the roadway grid and

a few isolated foundations low enough to escape a bulldozer (DOE/RL-97-1047, History of the Plutonivm
Production Facilities at the Hanford Site Historic District, 1943—1990). Three Manhattan Project or Cold
War-cra buildings have been inventoried in 100-F, including the F Reactor, which was the third
Manhattan Project reactor to go critical on the Hanford Site. Eleven artifacts were tagged for preservation
in the F Reactor. All of these artifacts have been transferred either to B Reactor or the Columbia River
Exhibition of History, Science, and Technology for display or inclusion in the Hanford Collection.

2.2 100-F/IU-2/1U-6 Overview

The 100-F/ TU-2/ 1U-6 can be divided into two primary areas of use: the 100-F Reactor arca, and the 1U-2
and 1U-6 area. Table 2-1 summarizes the 100-F/IU-2/IU-6 area information. Appendix A provides maps of
the arcas. Appendices B and C provide descriptions of the waste sites and facilitics, respectively, for

cach OU.

Table 2-1. 100-F/IU-2/1U-6 Area Information

Area or OU Site Information

100-F Area 100-F is located downstream of 100-H and upstream of the 300 Area. The F Reactor and its
associated infrastructure are located here. Source area OUs include 100-FR-1 and 100-FR-2.

Groundwater The 100-FR-3 OU encompasses the groundwater beneath 100-F.

100-1U-2 and The 100-1U-2 and 100-1U-6 OUs include the Hanford and White Bluffs townsites and the
100-1U-6 inter-area regions that consist of large expanses of open land between and outside the various
production areas (100, 200, 300 and Areas).

Groundwater Groundwater contamination migrating into 100-F/IU2/1U6 from 200-PO-1 and 200-BP-5 OUs,
within the 200 East Area, are not part of this RI/FS.

Note:

OU = operable unit

RI/FS = remedial investigation/feasibility study
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. 221  100-F Area

100-F includes the area around the F Reactor, the 100-FR-1 and 100-FR-2 source OUs, and the 100-FR-3
groundwater OU. Construction of the F Reactor (105-F) began in December 1943. The facility was
completed in February 1945 and activated later that month after comprehensive equipment testing. The

F Reactor was the third of three original Hanford reactors built during World War II as part of the
Manhattan Project. Operations were initially conducted at 265 megawatts and over time gradually
increased to a final level of 2,090 megawatts in 1961. The F Reactor continued operating at the reactor’s
maximum authorized power level from 1961 until it was deactivated in 1965. Figure 2-6 shows 100-F
during the production years.

Figure 2-6. Aerial View of 100-F Area During Production (1962)

The F Reactor was supported by multiple facilities associated with services for water treatment, air
filtration, nuclear fuel handling, effluent disposal, and laboratories, with various other administrative
buildings (WHC-SD-EN-TI-169). With regard to soil and groundwater contamination, these services
generated various wastes that were either discharged to the river; directed to unlined cribs, trenches, or
another engineered structures; or buried in unlined burial grounds onsite.
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After its war-time production ctffort. the graphite pile at F Reactor was in the “worst shape of the

World War 11 reactors,” from ncutron-induced graphite distortion and was “the last pile on which any risk
should be taken at present,” with regard to experiments directed toward increasing operational power and
production in the reactors (WHC-SD-EN-RPT-004. Summary of 100 B/C Reactor Operations and
Resultant Wastes, Hanford Site, pp.21-24). However, it maintained opcerations after the war ended. Using
subscquent improvements in technologies and processes tested and proven at the D Reactor in 1949, these
changes were applied to the F Reactor. allowing its continued operation. with gradual increases in power
and production until its mission ended.

Initial deactivation activitics began at 100-F in 1965. This arca was the first to be declared excess
following the shutdown of'its production reactor. Follow-on housckeeping and decommissioning
activitics began as part of a site-wide initiative in 1973, after deactivation of the remaining 100 Arca
single-pass reactors. This activity progressed. as resources allowed. from 1977 through 2003, with
demolition of buildings. salvage or redeployment of surplus equipment, and maintenance of operations at
a minimal level. The deactivation, decommissioning, decontamination, and demolition (D4) process
removed facilities ranging from small mobile offices to highly contaminated multi-structured facilities.
waste storage pads, sewage treatment structures., stacks. and tanks.

Once the plutonium production and other missions at the reactors ended. a ROD for the decommissioning
of eight surplus production reactors at the Hanford Site was issued by the U.S. Department of Encrgy
(DOE) (58 FR 483509, “Record of Decision: Decommissioning of Eight Surplus Production Reactors at
the Hanford Site, Richland, Washington™) to place the reactor in the F Arca into interim salc storage (1SS)
for up to 75 years. The ISS process for the F Reactor was completed 1 2003 (Figure 2-7). The ISS
process protects the reactor from cnvironmental degradation and prevents the spread of contamination by
providing an upgraded, weather-resistant shell to isolate the reactor core until final remedial activities arc
conducted. This action also minimizes the facility footprint by removing all peripheral reactor buildings
and equipment and disposing of the debris. Ultimately, the reactor will be transported i one piecc to

a specially prepared burial facility in the 200 West Area of the Hanford Site. The only principal inactive
structures remaining in the 100-F Arca are the ISS reactor and the Pacific Northwest National Laboratory
(PNNL) Outfall structures. Post-removal soil samples collected from cach facility footprint verified that
the removal or demolition activitics met the D4 remediation objectives and goals.
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Figure 2-7. Interim Safe Stored 105-F Reactor (2005)

2.2.1.1 Biological Testing and the Experimental Animal Farm

Each reactor area typically had a specific secondary mission that was dictated by the Hanford Site’s
general production stance. These secondary missions contributed specific waste management challenges
for each reactor area that introduced variations from the initial common design and requirements, and
increased the complexity of waste management operations. The secondary mission of the facilities at and
around the F Reactor was a biological laboratory to examine the effects of radiation and radioactive
contamination on plants, animals, and fish (WHC-SD-EN-TI-169).

Adjacent to the reactor site was the Experimental Animal Farm (EAF), which operated from 1945 to 1976
(Figure 2-8). Acute and lifetime exposure studies using a variety of isotopes (iodine-131, cesium-137,
strontium -90, radium-226, and plutonium-239) were performed on animals including swine, sheep, dogs,
cats, rodents, cows, chickens, and miniature goats at the EAF. Approximately 1,000 animals at a time
were kept at the farm. These experiments produced contaminated solid and liquid wastes, including
animal remains, dung, and urine that were disposed on site. Strontium-90 is of particular concern in this
case because its concentrations remain elevated in groundwater above the drinking water standard.
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Note: Shows original facility labels; circles indicate undisturbed animal pasture.
Figure 2-8. Experimental Animal Farm Holding Areas and Fish Ponds (1965)

The earliest animal experiments at the 100-F Area involved fish research at the 146-F Fish Laboratory in
1945. Fish research expanded around 1951 with the construction of 146-FR (Figure 2-9). The 146-F Fish
Laboratory was then phased out and the building used for storage. Biological experiments with fish and
other aquatic organisms continued at the 100-F Area until 1976 (Figure 2-10).

Fish were used to assess the effects of effluent discharge on aquatic life in the Columbia River.
Twenty-year lifetime exposure studies of sheep, swine, cows, chickens, ducks, and miniature goats were
performed, as well as experiments on the effects of ionizing radiation on beagles. Other experiments
involving radioecology were conducted in greenhouses in 1705-F to determine the effects of ionizing
radiation and radioactive contaminants on plants, both genetically and in the food chain. In addition,
gardens located in the southwest corner of the 100-F Area were used for growing cereal grains, alfalfa,
and other crops in soil containing controlled amounts of Sr-90 and cesium-137. A 4 ha (10 ac) pasture in
the vicinity of the strontium gardens was used to keep pregnant animals and animals too young for
experimental activities (DOE/RL-91-53, Remedial Investigation/Feasibility Study Work Plan for
thel00-FR-3 Operable Unit, Hanford Site, Richland, Washington). At the end of their operational life,
these facilities were deactivated, decontaminated, decommissioned, and often demolished in place.
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Figure 2-9. Construction of 146-FR

Note: Radiological posting.
Figure 2-10. Fish Tanks in One of the Biological Laboratories
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Disposal of solids ranged from burial of solid animal wastes similar to other contaminated materials

(e.g., packaging in plastic, boxes, or drums) in burial grounds to incineration and burial of animal
remains. Disposal methods for these wastes varied widely, depending on their activity and amount. Liquid
wastes were discharged with other laboratory wastes to liquid waste disposal sites.

The 108-F Building (Figure 2-11) was originally a chemical make-up facility and reactor laboratory
(1945 through1948) supporting the F Reactor. It was the main chemical pumphouse that provided water
treatment corrosion control, with a layout similar to those at the B and D Reactors. That task at the

F Reactor was moved and the building remodeled to serve as the main biology laboratory facility at about
the same time as the water treatment mission was moved or consolidated at the other original production
reactors (1948 through 1949).
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Figure 2-11. 108-F Laboratory Facility (1954)

After remodeling in 1949, a large-scale biology mission studying the effects of radiation on various
organisms commenced at Building 108-F around 1950. Experiments ranged from using animals to
determine health effects on nuclear workers to tests for the military (Gerber, 2007, On the Home Front:
The Cold War Legacy of the Hanford Nuclear Site). This mission continued until 1973, when biological
experiments and testing performed at Building 108-F were transferred to the 300 Area.

This facility and others that were re-purposed once the reactor was shut down had dedicated disposal sites
for contaminated animal or plant experiment wastes in addition to those in place suitable for dual use.
Building 108-F went through a housekeeping program in 1977 to remove highly contaminated material,
with additional decontamination conducted in 1983 (BHI-01399, /08-F Biological Laboratory D&D
Project Closeout Report). Demolition of the facility was completed in 1999.
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After reactor operations at 100-F ceased in 1965, animal research operations assumed the office buildings
and maintenance shops previously associated with the F Reactor until 1976 (EGG-1183-1661, An Aerial
Radiological Survey of the U.S. Energy Research and Development Administration’s Hanford
Reservation [Survey Period: 1973-1974]). Building 1707-F was converted for use as a dog inhalation
laboratory. The 1707-FA building was converted for use as a rodent inhalation laboratory. Building
1713-F was used as a pathology laboratory, and the 1719-F building was converted for use as an animal
care facility. Small animals were housed in the 1701-FA building (DOE/RL-91-53).

2.2.2 100-1U-2/100-1U-6

Sites and facilities in 100-TU-2 and TU-6 OUs were largely used for housing and staging equipment and
material for the project, and were previously homestead farms. The area includes roads, railroads, fire
station, an old concrete batch plant site, contaminated storage vaults in the east end of Gable Mountain,
and pre-Hanford farm sites and landfills (e.g., pre-1943 municipal and farm waste sites), and abuts part of
the Arid Lands Ecology Reserve including Rattlesnake Mountain. Contamination in this area generally
originated from light industrial chemical use and agriculture, rather than nuclear material production and
chemical processing. Several groundwater contaminant plumes (e.g., tritium, iodine-129) observed within
100-IU-2/ TU-6 originate from other areas, such as the Central Plateau. Data collection and remediation
decisions for these plumes are addressed by the originating OUs (e.g., 200-BP-5 groundwater OU,
200-PO-1 Groundwater OU). The former Town of White Bluffs, the site of an agriculture based
community of about 500 people that existed before the Manhattan Project era, is located in the

100-IU-2 OU. Many of the sites within the 100-TU-2 OU are remnants of that town and the surrounding
farms. When the government took over the site, many of the houses were demolished and new temporary
buildings such as blacksmith shops, receiving and storage warehouses, and offices were erected
(BHI-00448). The White Bluffs area was the location of the central shops to support the

Manhattan Project.

The Hanford townsite is located in the 100-IU-6 OU. Figure 2-12 shows the Hanford townsite in 1943
after the camp construction. During the life of the construction camp, 1,175 buildings, nine service
facilities, and seven trailer camps were constructed. Following the termination of operations at the
construction camp, a small force of patrol, fire, and boat repair personnel remained. In general, the sites
within the 100-1U-6 OU include surface debris, oil spills, trash dumps, building foundations, surface
depressions, and ash piles, either from the pre-Manhattan Project towns or activities of that era
(BHI-00146). All portable hutments and trailers were dismantled and shipped offsite.
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e

Figure 2-12. Hanford Townsite in 1943

_

Since 1943, all of the pre-Manhattan Project buildings on the Hanford townsite have been removed, with
the exception of six structures—the Bruggemann Warehouse, Allard Pumping Station, White Bluffs
Bank, Hanford High School, Hanford Electrical Substation/Switching Station, and a wall of a log cabin.
With the exception of the Allard Pumping Station, all these structures are located within the
100-IU-2/TU-6 Area. These structures require no further action; therefore, they are not listed as facilities
in the official Hanford Waste Information Data System (WIDS) database, which is the information source
regarding known and suspected waste sites.

There were 14 facilities related to Manhattan Project or post-Manhattan Project activities. Most of these
facilities were used to support laboratory activities, Hanford patrol activities, or communications. All
have been demolished with the exception of 213 Plutonium Storage Receiving Vaults. Post-removal soil
samples collected from each facility footprint verified that the removal or demolition activities met the
D4 remediation objectives and goals.

2.2.3 Facility History and Description

Ninety-six facilities were used or constructed in 100-F/IU-2/IU-6. These facilities consist of the

105-F Reactor building, office and storage buildings, retention basins, a reactor stack, maintenance shops,
process plants, electrical substations, storage tanks, pump stations, and outfall structures. Most of the
facilities have a status of inactive, removed, or demolished (defined in the Integrated Work Plan).

Table 2-2 provides summary information on the status of facilities. Appendix C provides a description
and history of each facility.
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Ninety-one of the 96 facilities have been demolished or removed. Table 2-2 defines the remaining
facilities are classified as inactive or “to be determined” (i.e., needs to be verified). Facilities that were
used during the operation of the reactors (the retention basin, reactor stack, office and storage buildings,
maintenance shops, process plants, electric substation, storage tanks, and pump stations) make up most of
the demolished or removed facilities.

Table 2-2. Summary of the Status of the Facilities in 100-F/IU-2/1U-6

Total Number To Be
Operable Unit of Facilities Demolished Removed Determined Inactive
100 F Area
100-FR-1 73 66 3 2 2
100-FR-2 9 9 0 0 0
Total Facilities for 100-F Area 82 75 3 2 2

100-1U-2 and 100-1U-6 OUs

100-1U-2 1 ] 0 0 0
100-1U-6 13 12 0 0 1
Total Facilities for 100-1U-2 14 13 0 0 1
and 100-1U-6 OUs

Total
Total Facilities for 96 88 3 2 3

100-F/IU-2/IU-6

Note:
This summary is current as of December 2009 (Stewardship Information System).
Reclassification Status

Demolished = Facility has been removed to grade (slab or foundation remains)

Inactive = Facility is no longer in use and awaiting decommissioning and demolition

Removed = Facility foundation has been removed and any substructure is 0.3 to 0.9 m (1 to 3 ft) below
grade

To Be Determined In the process of establishing facility status

Inactive facilities remaining within the 100-F Area include the 105-F Reactor building and the PNNL
Outfall Structure. The Plutonium Storage Receiving Vault (Facility 213) is the only inactive facility still
present in the remainder of the area.

Pipelines were used to transport effluent waste between facilities and to the Columbia River. Figure 2-13
shows pipelines exposed during facility demolition. Effluent transport products consisted of untreated
river water, process water, cooling water, spent laboratory solutions, and decontamination solutions.
Leakage from the pipeline system also contributed to unplanned releases. Figure 2-14 shows pipeline
removal during source remedial action.
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Figure 2-13. 100-F-44 Foundation and Pipelines in 1979

[
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Effluent from process sewer systems was discharged to outfall structures, which generally were open,
reinforced, compartmentalized, concrete structures. Effluent was discharged from these structures to the
Columbia River through either outfall pipelines at the bottom of the river or spillways leading to

the shoreline.

A unique feature of the 100-F Area, shown in Figure 2-15, is the PNNL Outfall Structure (116-F-16 and
100-F-43 waste sites). This outfall structure and associated spillway were designed to channel animal
sewage and process waste discharges from the EAF to the Columbia River. When river pipelines were
blocked, damaged, or undergoing maintenance, process sewer waste and reactor cooling water were
diverted to these spillways, which discharged to the Columbia River. Figures 2-15 through 2-18 show the
configuration of the outfall structures over time.

-

116-F-16 Outfall

116-F-8 Qutfall

ol el B & g A

Figure 2-15. Aerial View of 100-F Outfall Structures (circa 1956)
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Figure 2-16. Construction of 116-F-16 Outfall in 1956
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Figure 2-17. 116-F-16 Outfall Emplacement in 1956

2-24




DOE/RL-2008-46-ADD4, REV. 0

Figure 2-18. Condition of Spillway 100-F-43 Before Remediation in 2005

2.24 Process History

Liquid wastes from reactor operations and associated facilities were released to the soil column and the
Columbia River. Potential ongoing sources of contamination include remediated liquid waste sites, burial
grounds, unplanned release sites, facilities/structures, and pipelines/outfalls. These site types are defined
in the Integrated Work Plan (DOE/RL-2008-46). Appendix A shows the locations of 100-F waste sites.
Appendices B and C present a complete listing of waste sites and facilities, including descriptions,
histories, and classifications.

The primary activities causing environmental contamination in 100-F were the production and use of
treated Columbia River water to cool the reactor during operations. Over the lifetime of the 105-F Reactor
operations, approximately 2.3 trillion L (about 608 billion gal) of coolant were produced and passed
through the reactor. As cooling water was produced and used, disposal and discharges of process
chemicals introduced contaminants directly into the soil column underlying the production facilities and
into the Columbia River. Groundwater contamination in the areas underlying the 100-IU-2 and

100-1U-6 OUs (tritium and iodine-129) is primarily from past disposal practices in the 200 East Area. The
groundwater in these areas is addressed in the 200-PO-1 and 200-BP-5 OUs.

Producing plutonium for national defense was the primary mission of the Hanford Site reactors. Materials
that had passed through the reactors for manufacture or materials contacting items that had passed
through the reactors were considered radiologically contaminated. These materials represented the
majority of the wastes produced. Active physical barriers and strong administrative measures were in
place to minimize radiological hazards throughout the Hanford Site production areas to protect plant
personnel. These measures affected the placement of disposal locations and waste management
procedures for various waste streams.
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Contaminant from the manufacturing process fall into the following categories: .

e Process inputs:
— Raw materials to be processed through the reactor, such as uranium fuel and cooling water

— Process chemicals for water conditioning and inhibiting corrosion (e.g., sodium dichromate)
because water management was crucial to the operation of the reactors and represents a major
input subsystem

— Materials used for reactor maintenance, such as acids, solvents, and heavy metals

e Process outputs:
— Product and waste isotopes, such as Pu-239 and Sr-90, respectively

— Radioactively and chemically contaminated materials (solid and liquid wastes)
— Radioactively and chemically contaminated cooling water

Most of the irradiated fuel elements were shipped to the 200 Area for chemical processing, but some
irradiated fuel elements were shipped to 100-BC for various metallurgical studies. Also during
production, fuel element failures and infrastructure failures (e.g., pipe leaks) led to losses of contaminated
materials to the environment.

Substantial infrastructure such as office buildings, laboratories, and subsurface piping was installed at

100-F to support reactor maintenance and operation (Figure 2-19). Wastes resulting from supporting

production operations were similarly disposed in each area according to phase (liquids or solids), quantity

(high/low mass or volume), radioactivity (high level or low level), and composition (strictly chemical or ‘
septic). Thus, liquid and solid waste disposal locations were constructed and waste management practices

were developed to handle these materials consistently. Certain facilities and waste sites were used for

discarding non-radiologically contaminated waste materials (e.g., solvents or chemicals), but were

relatively small in scale.
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Note: See top-right corner.
Figure 2-19. Aerial View of 100-F Area and Experimental Animal Farm

2.2.4.1 Reactor Processes

To produce reactor coolant for the 105-F Reactor, Columbia River water was pumped to the

183-F Facilities to remove impurities by conventional physical and chemical water treatment processes
and then pumped to the 190-F Facility where sodium dichromate solution was added to the treated water
to minimize process tube corrosion (Figure 2-20). Available documentation (DOE/RL-91-07, Remedial
Investigation/Feasibility Study Work Plan for the 100-BC-2 Operable Unit, Hanford Site, Richland,
Washington) does not describe the method used to add the sodium dichromate, but the process solution
mixed with the cooling water was derived from either solid sodium dichromate or highly concentrated
stock solutions.
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Figure 2-20. Production Facilities at 105-F for Reactor Coolant

Bulk sodium dichromate salt was used as the stock material for cooling-water treatment from about 1944
to approximately 1959 at the F Reactor when the transition to concentrated sodium dichromate solution
was implemented (HW-61789, Monthly Record Report, Irradiation Processing Department). Sodium
dichromate was added to the water in the 190-F Building. The crystalline sodium dichromate salt was
batch dissolved in water to make a working solution of 10 to 15 percent sodium dichromate. This solution
then was used to treat cooling water for the reactors.

High concentration (greater than 70 weight percent) sodium dichromate solutions were used as the stock
material after 1959 until closure of the reactor. These materials were received by rail and truck tankers.
The concentrated solution was subsequently diluted with water to make a 10 to 15 percent working
solution. The moderate-concentration solution was then metered into the cooling-water stream
downstream of the flocculation/sedimentation basin as the water was prepared for use in the reactor.
These locations were the principal facilities where sodium dichromate was used or transferred.

Exactly when the routine use of concentrated liquid sodium dichromate solution to make process
solutions was implemented is not entirely clear, but the change in process was probably introduced as part
of the Project CG-558 upgrades at 105-F in early 1957 (DUN-6888, Historical Events Single Pass
Reactors and Fuel Fabrication), and finished by 1959 (HW-61789). Once these solutions were generated,
they were pumped through the 190-F Water Treatment facilities to the reactor and then to the

outlet piping.
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Initially, a sodium dichromate concentration of 700 to 800 micrograms per liter (ng/L) of Cr(VI) was
used in coolant water. No reduction in dichromate concentration/usage is noted at 105-F, as was
documented for 105-C, 105-KE, and 105-KW (DUN-4847, Quarterly Report Contamination Control—
Columbia River, April — June 1968). Additionally, the volume of flow through the reactor was increased
over time (DUN-6888). From these data, an approximate total coolant volume of 2.3 trillion L

(608 billion gal) passed through the reactor containing about 1,600,000 kg (3,527,396 1b) of Cr(VI)
(Table 2-3), assuming the lower end of the concentration range of 700 pg/L.

Table 2-3. Chromium Mass Discharge Estimates Based on Reactor Coolant Throughput

Estimated Yearly Throughput

(Liyr)® Calculated Dry Sodium
105-F Chromium Inventory Dichromate
Year Coolant Volume Total (kg)® (kalyr)
1945 9.08E+10 6.36E+04 1.66E+05
1946 4 9.08E+10 6.36E+04 1.66E+05
1947 9.08E+10 6.36E+04 1.66E+05
1948 9.08E+10 6.36E+04 1.66E+05
1949 9.08E+10 6.36E+04 1.66E+05
1950 9.08E+10 6.36E+04 1.66E+05
1951 9.08E+10 6.36E+04 1.66E+05
1952 9.08E+10 6.36E+04 1.66E+05
1953 9.08E+10 6.36E+04 1.66E+05
1954 9.08E+10 6.36E+04 1.66E+05
1955 9.08E+10 6.36E+04 1.66E+05
1956 9.08E+10 6.36E+04 1.66E+05
1957 1.4E+11 9.80E+04 2.56E+05
1958 1.4E+11 9.80E+04 2.56E+05
1959 1.4E+11 9.80E+04 2.56E+05
1960 1.4E+11 9.80E+04 2.56E+05
1961 14E+11 9.80E+04 2.56E+05
1962 1.4E+11 9.80E+04 2.56E+05
1963 1.4E+11 9.80E+04 2.56E+05
1964 1.4E+11 9.80E+04 2.56E+05
1965 7.0E+10 4.90E+04 1.28E+05
Total 2.28E+12 1.60E+06 4 17E+06

Note:
a. Estimated Yearly Throughput (RL-REA-2247, Historical Events, Reactors and Fuels Fabrication).
b. Estimate is based on a threshold concentration of 700ug/L at 105-F.

kg = kilogram
L = liter
yr = year
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Contaminants in the discharged water included chemicals in the treated water and radioactive isotopes
dissolved in the cooling water from breached fucl cladding. A major constituent in this water was sodium
dichromate, added to minimize process tube corrosion. More than 4.19 million kg (4,190 metric tons) of
sodium dichromate were used at 100-F between 1945 and 1965. The great majority of the sodium
dichromate was uscd in the reactor coolant. Reactor cooling water was generated, passed through the
reactors, and discharged at an average rate of about 230,000 L/min (62,000 gal/min) per reactor
(DOE/RL-97-1047). Reactor coolant-grade water was also used to fill the fuel storage pool. Contaminants
picked up and carried during passage of cooling water through the reactors include activation products in
the water (c.g., Cr(V1)), activation products from targets or rcactor components (e.g., tritium and
cobalt-60), and products released through breached fuel cladding (e.g., Cs-137, Sr-90, uranium, and
plutonium isotopes).

Radioactive coolant was discharged to the 116-F-2 overflow trench between 1950 and 1965, Contaminants
estimated from Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford
(PNL-6456) for 116-F-2 include tritium, Co-60, Sr-90, Cs-137, Pu-239, and curopium (Eu)-152. The site
also has a hazardous chemical inventory cstimate that includes 60,000 kg (65 tons) of sodium dichromate.

Radioactive coolant discharge also occurred at a Pluto crib near the F Reactor. The 116-F-4 crib received
waste briefly from 1950 to 1952. However, as a result of analogous site analysis (116-B-3, 116-D-2, and
110-DR-4), Cr(VI) has not been observed as a significant ¢contaminant in most Pluto cribs (116-C-2 is
the exception).

Finally, decontamination solutions using higher concentrations of dichromate were also used at 100-F, but
management and disposition of these spent solutions was not always clear from process documentation.
Sevcral other avenues for disposal of these solutions were available, including disposal to the soil column
and to the process sewer/outfall piping discharging to the river. Decontamination {luids used to clean
radioactively contaminated equipment and containing Cr(VI) in the form of chromic acid were discharged
ncar the reactor at the 116-F-10 Dummy Decontamination French Drain. The site reccived liquid waste
containing 2,000 kg (2.2 tons) each of sodium dichromate, sodium oxylate, and sodium sulfamate. The
sile may have received other chemicals as well. Known decontamination solutions at 100-F included
chromic acid, citric acid, oxalic acid, sulfamic acid, sulfuric acid, and sodium fluoride. Other chemicals,
including organic solvents, were used for some decontamination processes.

Other sources of Cr(VI) were leaks or overflows in and around the outfall structure, and releascs from
smaller liquid discharge facilities (e.g., associated with decontamination), piping that carried reactor
coolant, and some solid wastes (e.g., sludges).
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3 Initial Evaluation

This chapter summarizes the initial evaluation of existing data and describes the current CSM for
100-F/TU-2/TU-6. The CSM expresses the current understanding of site conditions and makes possible the
identification of data gaps and data needs in conjunction with the systematic planning process described
in the Integrated Work Plan (DOE/RL-2008-46). The CSM is developed as a discussion of contaminant
sources, contaminant nature and extent, contaminant fate and transport, and exposure pathways and
receptors. Geology and hydrogeology of 100-F/1U-2/1U-6 are discussed Sections 2.1.2 and 2.1.3.

The CSM synthesizes area knowledge so project needs and decision-making requirements, including the
design of remedial actions, can be developed. The CSM evolves through the RI/FS process, as the
development and implementation of a remedy and the collection of data lead to an improved
understanding of the key uncertainties. A well-developed CSM clarifies uncertainties and describes the
specifications required for a satisfactory solution. Resolving the uncertainties through the CSM process
provides the data and information necessary to develop and implement the remedy.

Groundwater contaminants found within 100-F/IU-2/1U-6 are primarily from Hanford operations in the
200 East Area. These contaminants are being investigated and remediated through work related to the
200-BP-5 and 200-PO-1 groundwater OUs. Therefore, no additional work is proposed within this RI
relating to these plumes, contaminant sources, and rclease mechanisms.

3.1 Contamination Sources

Liquid and solid wastes from reactor operations and associated facilitics, as well as from the EAF, were
released to the soil column and the Columbia River. Sources of contamination include spills, leaks, and
past liquid and solid waste disposal sites. Process knowledge and historical research (including the orphan
site identification process) have identified primary and secondary sources across most of the area.

3.1.1 Primary Sources of Contamination

The primary sources of contamination in the 100-F area of 100-F/1U-2/1U-6 are the water-cooled nuclear
reactor (105-F) and the structures (e.g., fuel storage basins [FSB]) and processes (e.g., sodium dichromate
process) associated with reactor operations. The reactor was built to irradiate uranium-enriched fuel rods
from which plutonium and other special nuclear materials could be extracted (in the 200 Area). The
processes associated with reactor operations generated large quantities of liquid and solid wastes.

Effluent generated during operations consisted primarily of contaminated reactor cooling water, FSB water,
and decontamination solutions. Cooling water consisted of river water treated to remove dissolved solids
and enhanced with chemicals to reduce corrosion. Cooling water contaminants consisted of fuel materials,
fission and irradiation by-products, and Cr(VI) (added to inhibit corrosion). Solid wastes consisted of
sludge, reactor components, and various other contaminated items. Waste generated from reactor operations
was contaminated with radionuclides, hazardous chemicals, or both. Deliberate and unintended releases of
waste resulting from operations were the primary contaminant release mechanisms.

Liquid contaminants were released directly to the environment by discharging effluent to temporary
surface impoundments, cribs, ditches, and the Columbia River. Solid waste was placed in unlined burial
grounds. Numerous facilities and systems were established (e.g., EAF) or repurposed (c.g., 108-F) for
biological experimentation activities at 100-F that continued after the plutonium production mission
ended. These activities also generated large quantities of contaminated animal and plant wastes (both
solid and liquid) that were managed onsite.
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Facilities and waste sites in the 100-1U-2/1U-6 OUs consist mostly of landfills. burn pits, storage
facilitics, guard towers/control structures, contaminated receiving vaults, and pre-Hanford farm sites.
These OUs also include the White Bluffs and 1anford townsites, and pre-Hanford landfills. By design,
facilitics were mostly temporary in nature and were removed after they were no longer needed.

3.1.2  Secondary Sources of Contamination

Wastes released to the environment created sccondary sources of contamination where contaminants were
retamned in the subsurface and released over long periods, such as ditches, cribs, burial grounds, and
unplanncd release sites. Contaminant sources (i.c., waste sites and facilities) arc listed in Appendices B
and C. Secondary sources also can impact the environment through the following sccondary

relcase mechanisms:

¢ Re-suspension of contaminated soil via wind or excavation activitics

e Dircct contact with contaminated soil

* Biotic uptake of contaminants via direct contact with soil or ingestion of soil. vegetation. or
other animals

*  Migration of contaminated liquids through the soil column via infiltration or percolation

e [xternal radiation
3.2 Previous Vadose Zone Investigations

This section describes previous investigations and remedial activities at 100-F/[U-2/1U-6. No limited field
mvestigations (LFIs) for the 100-1U-2 and 100-1U-6 Source OUs have been performed to date.

Significant information regarding source arca contamination was gathered as part of 100-F investigations
and documented in various forms (¢.g., remaining site verification packages [RSVPs], cleanup
verification packages [CVPs], or site summary reports).

The description of vadose zone contamination in this section is based mainly on the Radiological
Characteristics of the 100 Arcas (UNI-946; DOE/RL-93-82, Limited Ficld Investization Report for the
100-F'R-1 Operable Unir: and interim remedial actions completed in the arca.

3.21 Initial Vadose Zone Radiological Characterization - 1975

Radiological characterization of the 100 Arca was initially performed in 1975 (UNI-946). The purposc of
characterization was to cstablish an estimate of radionuclide inventories. distribution, and concentrations
at inactive solid and liquid wastes sites, reactors, and associated facilitics.

The focus of the sampling activities was 100-F liquid waste receiving sites and retention basins. Shallow
boreholes were drilled in and adjacent to waste site boundaries 10 a maximum depth of 9 m (30 {1).
Sampling was performed at 15 waste sites in 100-F. Based on process knowledge, samples were analyzed
for the following constituents: carbon-14. cobalt-60, cesium-134. cesium-137. curopium-152,

curopium- 154, curopium-155, nickel-63, plutonium-238, plutonium-239/240, Sr-90, tritium, and uranium.
Table 3-1 summarizes the characterization efforts and results.
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Table 3-1. Summary of 100-F Waste Site Characterization in 1975

Number Depth of
of Investigation Major
Waste Site Boreholes Media (m [ft] bgs) Radionuclides Relevant Information
116-F-1 Lewis 14 Soil 5 (15) Cs-134 Maximum level of
Canal Cs-137 contamination was found
Co-60 at a depth of 0.9 m (3 ft)
Eu-152 bgs. Total radioactive
Eu-154 inventory was estimated
Eu-155 at 3.4 Ci.
Sr-90
Tritium
Pu-239/240
Uranium
116-F-2 Basin 4 Soil 9 (30) Cs-137 Maximum level of
Overflow Trench Co-60 contamination was found
Eu-152 inthe6to 7.6 m
Eu-154 (20 to 25 ft) bgs interval.
Eu-155 The majority of the
Sr-90 contamination in this
Tritium trench was in its
Pu-239/240 northern half. Total
Uranium radioactive inventory
was estimated at 15 Ci.
116-F-3 Fuel 2 Soil 6 (20) Co-60 Total radioactive
Storage Basin Eu-152 inventory was estimated
Trench Eu-155 at 0.0021 Ci.
Sr-90
Tritium
116-F-4 Pluto Crib 2 Soil 6 (20) Cs-134 Pu-239/240 was
Cs-137 detected at
Co-60 concentrations up to
Eu-152 110 pCi/g. Total
Eu-154 radioactive inventory
Eu-155 was estimated at 3.5 Ci.
Sr-90
Tritium
Pu-238
Pu-239/240
Uranium
116-F-5 Ball 1 Soil 3(10) Cs-137 All detected
Washer Crib Eu-154 contaminants were less
Eu-155 than 1 pCi/g.
Sr-90
116-F-6 Liquid 4 Soil 8.5(28) Cs-137 Maximum level of
Waste Disposal Co-60 contamination was found
Trench (1608-F) Eu-152 atadepthof 2.3 m
Eu-154 (7.5 ft) bgs. Total
Eu-155 radioactive inventory
Sr-90 was estimated at 6.5 Ci.
Tritium
Pu-238
Pu-239/240
Uranium
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Table 3-1. Summary of 100-F Waste Site Characterization in 1975

Number Depth of
of Investigation Major
Waste Site Boreholes Media (m [ft] bgs) Radionuclides Relevant Information
116-F-7 Crib 1 Soil 3 (10) Cs-137 Total radioactive
(117-F) Eu-152 inventory was estimated
Pu-239/240 at 0.00014 Ci.
Sr-90
116-F-9 Animal 6 Soil 9 (30) Cs-137 Maximum level of
Waste Leach Co-60 contamination was found
Trench Eu-152 at a depth of 6.86 m
Eu-154 (22.5 ft) bgs. No
Eu-155 contamination was
Sr-90 detected above 4.5 m
Pu-239/240 (15 ft) bgs. Total
radioactive inventory
was estimated at 4 Ci.
116-F-10 Dummy 3 Sail 8.2(27) Cs-134 Maximum level of
Decontamination Cs-137 contamination was found
French Drain Co-60 at adepth of 3.8 m
Eu-152 (12.5 ft) bgs.
Eu-154
Eu-155
Sr-90
Tritium
Pu-239/240
Uranium
116-F-14 Retention 3 (inside) Sail 9 (30) Cs-134 The majority of the
Basin 14 Sludge Cs-137 contamination under the
(107-F Retention (perimeter) Concrete Co-60 basin is confined to
Basin) Eu-152 within 1.5 m (5 ft) of the
Eu-154 basin floor; 40 percent of
Eu-155 the total radionuclide
Ni-63 inventory is beneath or
Sr-90 outside the basin due to
Tritium leakage. Contamination
Pu-238 extends 7.6 to 15 m
Pu-239/240 (25 to 50 ft) from the
Uranium basin. Total radioactive
inventory was estimated
at 93 Ci.
118-F-5 Sawdust 5 Soil NA Cs-137 Radioactive
Pit Sawdust Co-60 contamination was
Eu-152 detected in fine sand
Eu-154 and sawdust at about
Eu-155 18to2m (6to7 ft)
Sr-90 below fill grade. Total
Pu-239/240 radioactive inventory

was estimated to be
2to4 Ci.
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Table 3-1. Summary of 100-F Waste Site Characterization in 1975

Waste Site

Number
of
Boreholes

Media

Depth of
Investigation
(m [ft] bgs)

Major
Radionuclides

Relevant Information

132-F-6 Lift Station
Demolition Site

1

Soil

9 (30)

Cs-134
Cs-137
Co-60
Eu-152
Eu-154
Eu-155
Sr-90
Pu-239/240

Maximum level of
contamination was found
at 1.5 m (5 ft) bgs.

EM Bypass Ditch to
116-F-2

Soil

6 (20)

Cs-134
Cs-137
Co-60
Eo-152
Eu-154
Eu-155
Sr-90
Tritium
Pu-239/240
Uranium

Total radioactive
inventory was estimated
at 2.6 Ci.

UPR-100-F-2,
Basin Leak Ditch

Soil

4.6 (15)

Cs-134
Cs-137
Co-60
Eu-152
Eu-154
Eu-155
Sr-90
Tritium
Pu-239/240
Uranium

Total radioactive
inventory was estimated
at 1.4 Ci.

Effluent Pipeline
(Process/Discharge
Pipeline)

Soil

6 (20)

Cs-137
Co-60
Eu-152
Eu-155
Sr-90
Tritium
Uranium

Cs-137, Co-60, Sr-90,
and Eu-155 were
detected in samples of
scale collected from
inside one of the 1 m

(3 ft) diameter pipelines.

Notes:

Documented in UNI-946, Radiological Characterization of the Retired 100 Areas.

bgs
NA

below ground surface
Not Available
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3.2.2 100-F Source Operable Unit Limited Field Investigations

An LFT was performed in the 100-FR-1 OU in 1993. Results of the investigation are presented in the LFI
Report for the 100-FR-1-OU (DOFE/RL-93-82). Data collection and analysis activitics were conducted in
accordance with DOE/RL-90-33. Remedial Investigation/Feasibility Studv Work Plan for the 100-FR-1
Operable Unit, Hanford Site, Richland, Washington.

In the T00-FR-1 OU, 18 sites were identified as high-priority waste sites and five sites were identified as
low-priority waste sites. Based on the work plan, eight of the 18 high-priority waste sites were
investigated during the LFI:

116-F-1 Lewis Canal

116-F-2 Basin Overflow Trench

116-F-3 Storage Basin Trench

116-F-4 Crib

116-F-6 Liquid Waste Disposal Trench
116-F-9 PNL Animal Waste Leach Trench
116-F-14 Retention Basin

108-F French Drain

Onc of the low-priority waste sites, 132-F-1 Chronic Feeding Barn. was also investigated because it was
associated with the FAF and is unique to the 100-FR-1 OU. These sites were investigated using the
following methods:

Cable-tool drilling of boreholes

Backhoe excavation of test pits

Sampling for geological and physical properties
Sampling for radiological and chemical constituents
Borehote geophysical logging

Sampling of surfacce sediments and field screening for volatile organic compounds (VOCs), metals.,
and man-madc radionuclides

Table 3-2 summarizes the investigative activitics for cach waste site. The LFI results (DOL/RL-93-82)
indicated that the radiological contamination in the vadose zone soil is the primary concern.

The principal radionuclides found during the LFI include cesium-137. cobalt-60, curopium-152,
curopium-154. plutonium-238. potassium-40, radium-226. strontium-90. and thorium-228. The
highest concentrations of radionuclides were found in 1 16-F-4 Pluto Crib and the 116-F-14 Retention
Basin.

Semi-volatile organic compounds (SVOCs) were detected at low concentrations and were gencrally
below the contract required quantitation limits.

VOCs, while detected. were generally at low concentrations and/or likely laboratory contaminants.

None of the investigated analytes exceeded potential soil applicable or relevant and appropriate
requirements such as Model Toxics Control Act (MTCA) (WAC 173-340-705. “Model Toxics Control
Act -- Cleanup™) Method B ¢lcanup criteria.
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e Contaminant concentrations and locations generally confirm historical information documented in
Radiological Characterization of the Retired 100 Areas (UN1-946).

Table 3-2. Summary of Limited Field Investigation for 100-F

Organic
Metal (exceeded
Waste Site Radiological (exceeded HSB) CRAQL) Relevant Information
116-F-1 Lewis Canal
Waste Site Depth: 3m  C-14 Arsenic Acetone VOC detections are most
(10 ft) Cs-137 Lead Methylene chloride likely attributable to
. Eu-152 Zinc Toluene sampling media or
. of :
No. of boreholes: 1 PU-239/240 Bis(2-ethylhexyl) laboratory contamination.
Borehole depth: 6.7 m ; !
(22 ft) K-40 phthalate No historical records
) Ra-226 indicate that acetone,
No. of test pits: 2 Sr-90 methylene chloride, or
Test pit depths: 5.5 Th-228 toluene were disposed of
and6m (18and 20 ft)  Th-232 in the 100-FR-1 OU.
U-233/234 Bis(2-ethylhexyl)
U-238

phthalate was the only
SVOC detected in the
canalat0t0 0.3 m

(0 to 1 ft) bgs.

Geophysical logging
showed maximum
concentrations of
man-made radionuclides
at0.3to2m(1t0o6.51)
bgs. No pesticides or
PCBs were detected.

116-F-2 Basin Overflow Trench

Waste Site Depth:
46m (15 ft)

No. of boreholes: 1
Borehole depth: 10.9
m (35.7 ft)

C-14

K-40
Cs-137
Co-60
Eu-152
Eu-154
Pu-239/240
Sr-90*

Barium None
Cadmium
Total chromium

Zinc

No pesticides or PCBs
were detected.

Radionuclide
contamination was
detected from ground
surface to total depth of
the trench.

The highest
concentrations of
radionuclides were in the
310 3.6 m(10to 12 ft)
bgs interval in fill
material.
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Table 3-2. Summary of Limited Field Investigation for 100-F

Waste Site

Organic
Metal (exceeded

Radiological (exceeded HSB) CRQL)

Relevant Information

116-F-3 Fuel Storage Basin Trench

Waste Site Depth:
2.4 m (8 ft)

No. of test pits: 1 Test
pit depth: 5.2 m (17 ft)

Am-241 Barium Toluene
Cs-137 Total chromium 4-Methyl
Co-60 Lead 2-pentanone
Eu-152 Mercury Fluoranthene
Eu-154 Zinc Pyrene

Pu 238 Toxaphene
Pu-239/240 Aroclor-1254
K-40

Ra-226

Th-228

Th-232

U-233/234

U-238

Background was
exceeded from 2.1 to
3.6 m (7 to 12 ft) bgs,
with maximum
concentrations at 2.1 m
(7 ft) bgs.

Historical records do not
indicate the disposal of
VOCs or SVOCs.

116-F-4 Pluto Crib

Waste Site Depth: 3 m
(10 ft)

No. of boreholes: 1
Borehole depth: 8.5 m
(28 ft)

Am-241 Barium 2-butanone
Cs-137 Acetone
Co-60 Toluene

Eu-152 Bis(2-ethylhexyl)

Eu-154 phthalate
Pu 238

Pu-239/240

K-40

Ra-226

Sr-90

Th-228

Th-232

U-233/234

U-235

No pesticides or PCBs
were detected.

Radionuclide
contamination was
detected from ground
surface to total depth of
the borehole, with
maximum concentrations
at291t03.5m (9.4 to
11.4 ft) bgs.

116-F-6 Liquid Waste Disposal Trench

Waste Site Depth: 3 m
(10 ft)

No. of boreholes: 1
Borehole depth: 8 m
(26 ft)

Co-60* Total Chromium
Ca-137 Zinc

Eu-152

Eu-154

Pu-239/240

K-40

Sr-90*

Acetone
Toluene

No SVOC compounds
were detected above the
CRQL.

No pesticides or PCBs
were detected.

Maximum radionuclide
contamination was
detected at 2t0 2.6 m
(6.5 to 8.5 ft) bgs, which
was reported to be fill
material.
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Table 3-2. Summary of Limited Field Investigation for 100-F

Waste Site

Organic
Metal (exceeded
Radiological (exceeded HSB) CRaQL) Relevant Information

116-F-9 Animal Waste Leach Trench

Waste Site Depth: 3 m

(10 ft)

No. of boreholes: 1
Borehole depth: 8 m

(26.8 ft)

No. of test pits: 1
Test pit depth: 6 m

(20 ft)

C-14~ Copper 2-butanone Maximum radiological
Cs-137 Silver 4-Methyl 2 contamination in both the
Co-60 Zinc pentanone borehole and test pit was
Eu-152 Acetone detected inthe 2.7 to 3 m
Pu-239/240 Toluene (9 to 10 ft) bgs interval.
K-40* Bis(2-ethylhexyl)

R-226 phthalate

Sr-90* Alpha-chlordane

Th-228* Gamma-chlordane

Th-232

U-233/234

U-238

116-F-14 Retention Basin

Waste Site Depth:

7.3 m (24 ft)

No. of boreholes: 1
Borehole depth: 8.1 m

(26.6 ft)

c-14* Cadmium Acetone No pesticides or PCBs
Co-60* Copper Toluene were detected.

Sr-90* Total chromium Di-ethylphthalate

Cs-137* Zinc Di-n-butylphthalate

Eu-152*

Eu-154*

Eu-155*

Pu-239/240*

K-40*

108-F French Drain

Surface samplings: 2
Sampling depths: 0.3
to0.46 mand 1to
14m(1to15ft

and 3.5t0 4.5 ft)

Am-241* Total chromium Toluene Historical records
Cs-137 Copper Bis(2-ethylhexyl) reviewed do not indicate
Pu-238* Lead phthalate the use of toluene or

Pu 239/240* Zinc Aroclor-1254 bis(2-ethylhexyl)

K-40* Aroclor-1260 phthalate at the

108-F Laboratory.

132-F-1 Chronic Feed Barn

No. of test pits: 1 K-40* None Acetone Primary radionuclides

Test pit depth: 1.8 m Ra-226 Bis(2-ethylhexyl) used in the animal studies

(6 ft) Th-228 phthalate were 1-131, Cs-137,
Th-232 Gamma-chiordane Pu-239, and Sr-90.

Notes:

* greater than 1 pCi/g

bgs = below ground surface PCB = polychlorinated biphenyl

CRQL = contract-required quantification limit SVOC = semi-volatile organic compound

HSB = Hanford Site background VOC = volatile organic compound
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The vertical distributions of contamination beneath the 116-F-4 Crib and 116-F-14 Retention Basin arc
shown in Figures 3-1 and 3-2, respectively, along with relationships to stratigraphy and the engineercd
structure. The depth of remedial action is inscrted into the profiles as an indicator of soil removed during
interim remcdial action approximately 8 years afler the completion of the LFIL. The depth of remedial
action (soil removal) at 116-F-4 and 116-F-14 is 5.5 m (18 ft) and 4.6 m (15 f}), respectively.

The profile of the 116-F-4 Crib shows that contaminant concentrations generally decrease with depth,
with the exception of total chromium. Higher concentrations are generally present about 3 m (10 {t) below
ground surfacc (bgs) and arc associated with the bottom of the engineered structure. Total chromium
concentrations increasc with depth to the bottom of the borehole.

The profile of the 116-F-14 Retention Basin also shows that contaminant concentrations generally
decreasc with depth. Higher concentrations are generally present about 1.5 t0 2 m (5 to 6.5 ft) bgs. Total
chromium concentrations generally decreasce with depth.
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3.2.3  100-F Soil Leachability Study

Leach tests are conducted to evaluate the partitioning of constituents between aqueous and solid phases.
The data from testing may be used to define the leaching potential of contaminants in the subsurface,
estimate contaminant distribution coefficients for use in fate and transport modeling, and develop
remedial action goals.

Cleanup verification activities to document completion of remedial actions for waste sites associated with
the 100-F-19 Reactor cooling water effluent pipelines were completed in 2001. A soil leachability study
was conducted as part of these activities to assess the leaching potential of Cr(VI) and C-14 in soil at
100-F. Soil with elevated levels of Cr(VI1) and C-14, collected from the 116-F-14 Retention Basin, was
selected for the leachability study. The leach tests consisted of a soil and water mixing procedure of

30 rotations per minute for 18 hours. The leach testing methodology and results are documented in
CVP-2001-00002, Cleanup Verification Package for the 100-F-19:1 and 100-F-1 9:3 Reactor Cooling
Water Effluent Pipelines, 100-F-34 Biology Facility French Drain, and 116-F-12 148-F French Drain,
Appendix D, 100-F Area Soil Cr(VI) and Carbon-14 Leachability Study Summary Report. A summary of
the leachability study findings follows.

Hexavalent Chromium. Initial leachability testing showed that Cr(VI) remaining in the soil column is
not readily mobilized, based on the low concentrations of hexavalent and total chromium detected in
the leachate.

The Cr(V1) ambient surface water quality criterion is 10 pg/L (33 USC 1251 et seq., Clean Water Act of
1972: 40 CFR 131, “Water Quality Standards™). Applying the near-shore dilution attenuation factor of 1:1
(EPA/AMD/R10-00/122, Interim Remedial Action Record of Decision Amendment for the 100-HR-3
Operable Unit, Hanford Site, Benton County, Washington, Hanford Site, Benton County, Washington) to
the surface water quality criterion yields a remedial action goal of 20 ug/L, with the river protection
compliance point as near-shore groundwater (i.e., Cr(VI) groundwater concentrations of 20 ug/L or less
are protective of the river).

Using the simple approach of comparing the Cr(VI) leachate concentrations directly to the river
protection remedial action goal, 100-F leach testing data indicate that a 7.2 mg/kg Cr(VI) soil
concentration is protective of the river. The test threshold Cr(VI) soil concentration appears to be in the
7.4 mg/kg to 7.6 mg/kg range, where the resulting leachate Cr(VI) concentration begins to exceed

20 pg/L. The results from the 100-F aggressive single batch leach tests are consistent with the aggressive
leach tests conducted for 100-D soil (CVP-99-00007, Cleanup Verification Package for 116-D-7
Retention Basin) and 100-H soil (CVP-2000-00027, Cleanup Verification Package for 116-H-7 Retention
Basin). However, a soil distribution (partition) coefficient (Kq) value for Cr(VI) was not calculated as part
of this study.

Carbon-14. During leachability testing, soil with concentrations of C-14 up to 48.7 pCi/g did not leach
detectable concentrations of C-14. The aggressive leachability testing of 100-F soil demonstrates that
C-14 in the soil is not mobilized or leached by water with the typical composition of 100 Area
groundwater, and it has been concluded that additional C-14 testing using column leach tests is

not necessary.

Results of recent column leach studies are presented in PNNL-17674, Geochemical Characterization of
Chromate Contamination in the 100 Area Vadose Zone at the Hanford Site. Results show multiple
categories of Cr(VI) with different leaching behavior. The dominant category is highly mobile with a Ky
at or near zero.
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3.24 100-F/IU-2/IU-6 Orphan Site Evaluation

A comprehensive orphan site evaluation (OSE) field investigation was conducted for 100-F and is in
process for the 100-1U-2 and 100-TU-6 OUs (with an anticipated completion date of 2013) to identify
additional sites that may require characterization and possible remediation. The OST: historical review
was composed of detailed reviews of hundreds of documents. drawings. and photographs. as well as
mterviews with several former employees. The ficld investigations include walkovers, gcophysical
mvestigations (electromagnetic induction, magnetic gradient, time domain electromagnetic, and
ground-penetrating radar), and physical hazards identification.

The OSE process for 100-F was completed in 2005 (OSR-2005-0001, 100-F Arca Orphan Sites
Evaluation Report). The total arca covered for 100-F was approximately 322 ha (795 ac) and 15 new
waste sites were identified. These waste sites. which include pipelines, French drains. septic systems.
contaminated soils, and debris. will be evaluated and dispositioncd. An initial OSE of the 100-1U-2 and
100-1U-6 OUs was conducted between October 2006 and October 2007. The arca covering the 100-1U-2
and 100-1U-6 OUs is included the White Bluffs community and the Hanford townsite, which collectively
cover a total arca of approximately 3.561 ha (8.800 ac). Forty-three orphan sites were identified during
this evaluation process.

An extensive and detailed review of aerial photographs for the remaining arcas of 100-1U-2/1U-6 is
currently ongoing. During this review, disturbed areas as indicated in the photographs will be noted and
further investigated. This process may identify additional waste sites.

DOL has implemented a number of processes to identify new waste sites (Integrated Work Plan). The
process of identifying new waste sites increases confidence that waste disposal and releases requiring
characterization and cleanup within a given land parcel on the Hanford Site arc addressed. In 1996.

170 waste sites were identified in WIDS for 100-F/[U-2/1U-6. Between 1996 and 2009, an additional
89 waste sites were identified. This brings the number of waste sites up to 259 inclusive of 58 new sites
identified during the orphan site process.

3.3 Interim Remedial Action and Existing Waste Site Contamination

The production and processing of nuclear material has contaminated the facilities. soil column. and
groundwater underlying 100-F/IU-2/1U-6. The removal of contamination sources has been the focus of
remedial activity in this arca (100-FR-1, 100-FR-2, 100-1U-2, and 100-TU-6 OUs). The various cleanup
actions for the identified source arcas consist of demolishing buildings, excavating contaminated soil for
treatment and disposal. and where dictated. performing Resource Conservation and Recovery Act of 1976
(RCRA) compliance actions.

Remediation and characterization of the waste sites in 100-F/TU-2/TU-6 began in 1999 under the authority
provided by the interim action ROD (EPA/ROD/R10-99/039) and continues to the present. Remediation
consists mainly of removal, segregation, storage, transportation, and disposal of soil. debris, and waste
material and backfilling of remediated waste sites. In a few cases, such as for “no action™ waste sites,
remediation was not warranted based on assessment of quantitative waste site data indicates that
contaminant concentrations are less than remedial action goals.

In most cases. removal/treatment/disposal (RTD) is the remedy selected for source waste sites in the

100 Arca. Remedial actions are designed to achieve remedial action objectives (RAOs) and goals
specified in interim action RODs for direct exposure applicable to soil 010 4.6 m (0 to 15 ft) bes and
protection of groundwater and the Columbia River. In practice, this has involved excavating wastes and
sotl that exceed cleanup criteria followed by disposal in the Environmental Restoration Disposal Facility
(ERDF). Residual contamination remaining after excavation is sampled and modeled to assess potential
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impacts to groundwater and the Columbia River. Where RAOs and remedial action goals are achieved,
the waste site is classified as “interim closed.”

To date, high-priority 100-F/IU-2/IU-6 liquid waste sites have been remediated in accordance with RAOs
and backfilled with uncontaminated soil. Excavation efforts have included pipeline removal (Figure 3-3)
followed by an evaluation of the lowest-priority waste sites. Solid waste burial ground and remaining site
cleanup activities have been conducted for septic systems, burn pits, and buildings that were demolished
in place, but remediation of 100-F/IU-2/IU-6 source areas is not complete.

Characterization of waste sites consists mainly of sample collection (i.e., confirmation and verification
sampling) and analysis for the purposes of assessing the nature and extent of contamination and verifying
achievement of RAOs and remedial action goals. Achievement of RAOs is based on attaining remedial
action goals for direct exposure, protection of groundwater, and protection of surface waters. Interim
action RAOs and remedial action goals, as described in the work pla,n were achieved at all interim closed
and no action waste sites. Contaminant inventories and impacts to the environment are significantly
reduced, and progress toward meeting RAOs and remedial action goals has been achieved. The process of
removing contaminated material from waste sites has the net effect of changing the nature and extent of
waste site contamination. Therefore, information from previous investigations presented in the
Radiological Characterization of the Retired 100 Areas (UNI-946) and the LFI reports for the Source
OUs no longer reflects post-interim remediation conditions, at least to the depth of remedial action. For
example, in Figures 3-1 and 3-2, relationships are shown between the stratigraphy, the engineered
structure, the depth of remedial action, and contamination at waste sites. These figures show that all
material to the depth of remedial action has been removed.

Two interim action RODs have been prepared to address source contamination in 100-F/IU-2/1U-6
(EPA/ROD/R10-99/039; EPA/ROD/R10-00/121, Interim Remedial Action Record of Decision for the
100-BC-1. 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-2, 100-HR-2, and 100-KR-2 Operable Units,
Hanford Site (100 Area Burial Grounds), Benton County, Washington). An interim action ROD has not
been issued for the 100-FR-3 OU for addressing contaminated groundwater underlying 100-F. However,
DOE continues to monitor groundwater contaminant concentrations while waste site remedial actions are
conducted.

While action to clean up soil contamination is mandated mainly by the interim action RODs, actions to
mitigate impact from facilities have been initiated in accordance with the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) action memorandum signed by the
Tri-Parties (Wagoner et al., 1998, Action Memorandum for the 105-F and 105-DR Reactor Buildings and
Ancillary Facilities, Hanford Site, Benton County, Washington). The CERCLA action memorandum
directed the efforts to place the F Reactor in ISS condition, that is, to place a weather-resistant shell
(cocoon) over the reactor to isolate the core before its final disposition (Figure 3-3). The ISS process also
minimizes the facility footprint by removing all peripheral reactor buildings and equipment, disposing of
the debris properly. An ISS of the F Reactor was initiated in 1998 and completed in 2003
(DOE/RL-2005-45, Surplus Reactor Final Disposition Engineering Evaluation).

Appendix B summarizes the data used for interim closure of waste sites are documented in CVPs and
RSVPs. These data also describe the current nature and extent of contamination at interim closed waste
sites. The primary statistical calculation to evaluate compliance with cleanup standards is the 95 percent
upper confidence limit on the arithmetic mean of the data. The data in Appendix B generally include the
maximum concentrations and/or concentrations representing the 95 percent upper confidence limit of
waste site contaminants of concern for both the shallow and deep zones (0 to 4.6 m [15 ft] and greater
than 4.6 m [15 ft] bgs, respectively).
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02/06/2007

Figure 3-3. 100-F-26 (108-F Pipeline after excavation;
105-F after Interim Safe Storage in background, 2007)

The close-out verification data and background information on the waste sites also will be used in this
addendum to support selection of waste sites for additional characterization based on residual
concentrations remaining at the site. Characterization efforts planned in this addendum will be used to
verify the distribution of remaining contamination and to refine the 100-F/[U-2/IU-6 CSM.

3.3.1  Waste Sites Description and History

As of December 2009, 257 waste sites and two discovery sites (259 total sites) exist within
100-F/IU-2/IU-6. Of these waste sites, 105 are within 100-F and 154 are in the 100-IU-2 and 100-TU-6
OUs. These sites consist mainly of inactive waste sites described as trenches, ditches, cribs, ponds, burial
grounds, and unplanned releases. Some of the waste sites have been interim closed out, rejected, not
accepted, or identified for no action. These classifications are defined in the Integrated Work Plan,
Chapter 2. Table 3-3 summarizes the individual waste site classifications and identifies Cr(V1), Sr-90, and
orphan waste sites.

There are 84 accepted sites and two discovery sites in 100-F/IU-2/1U-6. Sites with a status of accepted or
discovery are considered unremediated sites in this plan. Documentation to support the disposition or
completion of interim remedial action at five of these sites is in progress or has been submitted to the
regulatory agencies for approval. The design and active remediation of another 10 sites continues.
Remedial actions and site evaluations are being planned for the remaining sites.

Appendix A provides maps with the waste sites and facilities shown. Appendix B provides a description
and history for each waste site. Appendix C lists the facilities.
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Interim Closed Not Accepted
Reclassification Status Waste Sites Closed Total Total No Action Total Total Accepted Total Discovery Total Rejected Total
Reclassification of 100-FR-1 Operable Unit Waste Sites
Closed® None 0
interim Closed® 100-F-10, 100-F-11, 100-F-16, 100-F-19°, 100-F-23°, 100-F-24°,
100-F-25°°, 100-F-29%, 100-F-31°, 100-F-33%°, 100-F-34, 100-F-38°,
100-F-4°, 100-F-42, 100-F-43%, 116-F-1°°, 116-F-10%°, 116-F-11,
116-F-12%, 116-F-14%°, 116-F-15°°, 116-F-16™, 116-F-2*°, 116-F-3°°, 43
116-F-4* 116-F-5, 116-F-6°°, 116-F-8%, 116-F-9°, 126-F-2, 128-F-2°,
132-F-1°, 141-C® 1607-F2, 1607-F3? 1607-F4, 1607-F5, 1607-F6,
1607-F7, 182-F? UPR-100-F-1°, UPR-100-F-2°, UPR-100-F-3
No Action® 100-F-12, 100-F-18, 100-F-36%°, 100-F-37, 100-F-52, 100-F-53,
100-F-54°, 100-F-7, 100-F-9, 116-F-7, 132-F-3, 132-F-4, 132-F-5, 14
132-F-6°
Not Accepted’ 100-F-17, 100-F-21, 100-F-30, 100-F-32, 100-F-6, 116-F-13, 132-F-2 7
Accepted® 100-F-26, 100-F-39%, 100-F-44, 100-F-45°, 100-F-46, 100-F-47, 100-F-48,
100-F-49, 100-F-51°°, 100-F-55°, 100-F-56, 100-F-57%, 100-F-59, 14
118-F-8%°
Discovery" 100-F-58 1
Rejected' 100-F-40, 100-F-41, 100-F-5, 100-F-8 4
Total 100-FR-1 OU — 83 waste sites 0 43 14 7 14 1 4
Reclassification of 100-FR-2 Operable Unit Waste Sites
Closed None 0
Interim Closed 100-F-15, 100-F-2°, 100-F-20°, 100-F-35°, 118-F-1%°, 118-F-2°, 118-F-3, 14
118-F-5°, 118-F-6°, 118-F-7, 120-F-1, 126-F-1, 128-F-3%°, 1607-F1
No Action 100-F-14, 100-F-50, 118-F-4, 128-F-1 4
Not Accepted 100-F-1 1
Accepted None 0
Discovery None 0
Rejected 100-F-28, 118-F-9°, 600-31 3
Total 100-FR-2 QU — 22 waste sites 0 14 4 1 0 0 3
Reclassification of 100-1U-2 Operabie Unit Waste Sites
Closed None 0
Interim Closed 600-128, 600-129, 600-131, 600-132, 600-139, 600-181, 600-190, 9
600-191, 628-1
No Action 600-201, 600-52, 600-98, 600-99 4
Not Accepted 600-122, 600-123, 600-126, 600-130, 600-136, 600-138, 600-157,
600-158, 600-159, 600-160, 600-161, 600-162, 600-163, 600-164, o4

600-165, 600-166, 600-167, 600-170, 600-171, 600-195, 600-196,
600-198, 600-234, 600-304
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Table 3-3. Summary Information on the Status of 100-F/IU-2/1U-6 Waste Sites

Interim Closed Not Accepted
Reclassification Status Waste Sites Closed Total Total No Action Total Total Accepted Total Discovery Total Rejected Total
Accepted 600-100, 600-120, 600-124, 600-125, 600-127, 600-176, 600-182,
600-188, 600-279, 600-293, 600-294, 600-295, 600-296, 600-297,
600-298, 600-299, 600-300, 600-301, 600-302, 600-303, 600-305, 35
600-306, 600-307, 300-308, 600-309, 600-310, 600-311, 600-312,
600-341, 600-342, 600-343, 600-344, 600-345, 600-346, 600-5
Discovery None 0
Rejected 600-121, 600-135, 600-172, 600-173, 600-174, 600-175, 600-177,
600-179, 600-180, 600-183, 600-184, 600-189, 600-193, 600-194, 19
600-199, 600-200, 600-203, 600-209, 600-263
Total 100-1U-2 OU — 91 waste sites 0 9 4 24 35 0 19
Reclassification of 100-1U-6 Operable Unit Waste Sites
Closed UPR-600-11 1
Interim Closed 600-111, 600-204, 600-23, JA JONES 1, UPR-600-16 5
No Action 600-107, 600-110, 600-208, 600-239 4
Not Accepted 600-153, 600-168, 600-169, 600-192, 600-250, 600-251 6
Accepted 600-108, 600-109, 600-146, 600-149, 600-178, 600-186, 600-202,
600-205, 600-213, 600-257, 600-272, 600-3, 600-313, 600-314, 600-315,
600-316, 600-317, 600-318, 600-319, 600-320, 600-321, 600-322, 35
600-323, 600-324, 600-325, 600-326, 600-327, 600-328, 600-329,
600-330, 600-331, 600-332, 600-333, 600-334, 600-335
Discovery 600-280 1
Rejected 600-185, 600-20, 600-206, 600-207, 600-24, 600-240, 600-26, 600-27, 11
600-50, UPR-600-18, UPR-600-19
Total 100-1U-6 OU — 63 waste sites 1 5 4 6 35 1 11
Total — 259 waste sites 1 71 26 38 84 2 37

Note: Additional information provided in Appendix B.
This summary is current as of December 2009 (Stewardship Information System). WIDS waste site definitions originate from the Tri-Party Agreement Handbook Management Procedures Guideline Number TPA-MP-14 (RL-TPA-90-0001).
Bold text denotes a site identified through the orphan site evaluation process.
a. Site received chromium waste stream.
b. Site received Sr-90 waste stream.

c. Closed: A reclassification status indicating that due to actions taken, a waste management unit meets applicable cleanup standards or closure requirements. (Note: Many remediation waste sites were identified as “Closed Out” based on a previous classification
scheme. Since all the associated RODs are interim action RODs, these waste sites are considered “Interim Closed” based on current definitions.)

d. Interim Closed Out: A reclassification status indicating, due to actions taken, a waste management unit meets cleanup standards specified in an Interim Action Record of Decision or Action Memorandum, but for which a Final Record of Decision has not been issued.

e. No Action: A reclassification status indicating a waste site does not require any further remedial action under Resource Conservation and Recovery Act of 1976 (RCRA) Corrective Action, Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA), or other cleanup standards based on an assessment of quantitative data collected for the waste site.

f. Not Accepted: A classification status indicating an assessment has been made that a WIDS site is not a waste management unit and is not within the scope of Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan, Section 3.1. This
classification requires lead regulatory agency approval.

g. Accepted: A classification status indicating an assessment has been made that a WIDS site is a waste management unit as defined in the Tri-Party Agreement Action Plan (Ecology et al., 1989b), Section 3.1.

h. Discovery: An initial classification status indicating evidence of a potential waste site; assessment is not yet complete. This is the classicization of a newly discovered WIDS site.

i. Rejected: A classification status indicating that a waste site does not require remediation under RCRA Corrective Action, CERCLA, or other cleanup standards based on qualitative information such as a review of historical records, photographs, drawings, walkdowns,
ground penetrating radar scans, and shallow test pits. Such investigations do not include quantitative measurements.

OU = operable unit
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The use and evolution of onsite facilities and their roles in waste management operations are described
more completely in other technical documents (WHC-SD-EN-TI-169; DOE/RL-93-83, Limited Field
Investigation Report for the 100-FR-3 Operable Unit). Specific site information obtained from
contemporary characterization and remediation activities is available from WIDS. Waste sites scheduled
to be revegetated as part of recent (calendar year 2008-2009) remediation actions include 118-F-6,
100-F-36, 128-F-2, 120-F-1, 100-F-38, 1607-F-1, 1607-F-3, and 100-F-26.

3.3.2 Riparian Area Contamination

The 100-F-59 waste site, riparian area contamination originating from 128-F-2, was created from two
riparian areas that are known to contain contaminants above soil remedial action goals. Figure 3-4 shows
the first area is a portion of the former 128-F-2 burn pit (Area C) and the second area is located in riparian
areas east and southeast of Area C.

Initial remediation of the 128-F-2 waste site was performed from August to October 2005. Remediation
activities from October 2006 to February 2007 preceded toward the river where material at and below the
ordinary high water mark was removed. The portion of the 128-F-2 waste site below the ordinary high
water mark is referred to as Area C. Immediately after verification sampling of Area C in February 2007,
which showed elevated levels of several metals and pesticides, gravel was added to the excavated surface
below the ordinary high water mark to stabilize the underlying sediments prior to spring high river flows.

In January 2008, additional sampling of riparian areas surrounding the 128-F-2 waste site was conducted in
accordance with WCH-227, Sampling and Analysis Instruction for Evaluation of the Distribution of Metals
in the Sediments at 128-F-2 Waste Site. Three distinct sampling areas were established based on proximity

to the waste site, river flow patterns, and local topography (Figure 3-5). Sampling results are as follows:

e Near Waste Site: Samples were taken from 18 locations. In these samples, arsenic, cadmium,
chromium, copper, lead, nickel, silver, and zinc were detected at levels exceeding soil background or
soil remedial action goals. Both dichlorodiphenyldichloroethylene (4,4-DDE) and
dichlorodiphenyltrichloroethane (4,4’-DDT) were detected at levels above groundwater/river
remedial action goals. It is noted that chromium, lead, and zinc concentrations exceeding Hanford
background soil values were also measured in samples taken upstream of the 128-F-2 waste site. The
contaminatjon at these upstream locations is not attributed to the 128-F-2 waste site.

e North Shore: Samples were taken from 16 locations. Arsenic, cadmium, chromium, copper, lead, and
zinc were detected at levels exceeding soil background or soil remedial action goals.

¢ Slough Area: Samples were taken from seven locations. Arsenic, chromium, Cr(VI), copper, lead,
nickel, and zinc were detected at levels exceeding soil background or soil remedial action goals.
Alpha radiation and Cs-137 were also detected, indicating that the contamination has entered the
slough from upstream reactor areas.
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3.3.3 100-F/IU-2/1U-6 Waste Site Remediation

Considerable remediation has been completed at 100-F/TU-2/IU-6. As of December 2009, 173 waste sites
had been remediated or determined to require no further action. Chapter 2 summarizes the status of
facilities and waste sites in 100-F/IU-2/IU-6. Approximately 977 million kg (1.07 million tons) of
contaminated soil and debris have been removed from wastes sites located in 100-F/IU-2/IU-6 and
disposed at ERDF. Figure 3-6 illustrates the extent of RTD activities accomplished in 100-F. At least

363 vadose zone samples (with about corresponding 20,350 records) have been collected as part of waste
site remediation to verify cleanup and document interim closure status. Eighty-four accepted waste sites
and an additional two discovery sites remain to be dispositioned. Source OU interim remedial actions are
scheduled to be completed by the end of December 2011.

Figure 3-6. 100-F Area Waste Site Excavation Activities

The impact of Hanford site-specific past practices in the 100-IU-2 and 100-IU-6 OUs is limited in nature,
and are predominantly nonradioactive. Most identified waste sites in this area can be traced to
pre-Hanford activities (agricultural, domestic) or non-production-related activities such as temporary
worker housing or security. Extensive investigations have been conducted to identify most of these sites
as pre-Hanford or non-production-related features.
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Additional waste sites are related to either the Manhattan Project or late Hanford Site operations that have
required or will require additional investigation and/or remediation. The 600-111 waste site, located in the
100-1U-6 OU and site of the former P-11 Critical Mass Laboratory, crib, septic system, and underground
piping, had an incident of plutonium release in the facility. The contamination was limited to shallow soil
and has since been remediated. Figures 3-7 and 3-8 show the recent remedial activities at 600-111. The
P-11 project was developed as an experimental facility to support proper design of new chemical
separation facilities in the 200 Area process. The laboratory, crib, and underground piping were
decontaminated and demolished in 1974. Further remedial action (RTD of contaminated soil followed by
verification sampling) was undertaken at the 600-111 waste site in 2008.

Figure 3-7. Remediation of 600-111 Waste Site in the
100-1U-6 Operable Unit in 2008
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Figure 3-8. Aerial View of the 600-111 Waste Site after Remediation

3.4  Nature and Extent of Groundwater Contaminants

This section describes the nature and extent of groundwater contamination within the 100-F/TU-2/1U-6
Areas. More detailed information on the groundwater is presented in Annual Hanford Site Groundwater
Monitoring Reports (e.g., DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year
2008). Hanford Site hydrogeology at 100-F and 100-IU-2/1U-6 is discussed in Section 2.1.3.

Groundwater monitoring projects are established under DOE Order 5400.1 to meet the requirements of
DOE Order 5400.5, Chg 2, Radiation Protection of the Public and the Environment, which deals with
radiation protection of the public and the environment, and federal and state regulations. The Tri-Party
Agreement is a legally binding document that is used to coordinate groundwater protection and remedial
action efforts (Ecology et al., 1989a, Hanford Federal Facility Agreement and Consent Order).

Groundwater monitoring has been conducted on the Hanford Site since the 1940s. Very few monitoring
wells existed in the early decades of operation at 100-F (approximately four wells dating from the 1940s,
1950s, and 1960s remain in service there), but more were installed in the early 1990s as needed for
CERCLA investigations and cleanup activities.

A summary of the results of previous groundwater monitoring are presented in the following subsections.
Locations of groundwater monitoring wells are shown in Appendix A. Wells in 100-F are sampled for the
contaminants of concern based on results of the data quality objectives process (PNNL-14287, Data
Quality Objectives Summary Report — Designing a Groundwater Monitoring and Assessment Network for
the 100-BC-5 and 100-FR-3 Operable Units). The monitoring program is described in DOE/RL-2003-49,
100-FR-3 Operable Unit Sampling and Analysis Plan. Wells in the IU-2 and IU-6 OUs are monitored
according to requirements determined for the 200-BP-5 and 200-PO-1 OUs (DOE/RL-2001-49,
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Groundwater Sampling and Analysis Plan for the 200-BP-5 Operable Unit and DOE/RL-2003-04,
Sampling and Analysis Plan for the 200-PO-1 Operable Unit).

Groundwater samples are collected every 1 to 3 years, depending on location. Groundwater data are used
to create maps and plots that illustrate groundwater flow, water table elevations, hydrogeochemistry, and
contaminant concentration trends and distribution. The results are published annually in the annual
Hanford Site Groundwater Monitoring Report (e.g., DOE/RL-2008-66).

Facilities and waste sites in 100-F received or discharged chemicals and radionuclides from the 1940s to the
1960s. Previous groundwater investigations indicate that Cr(V1), Sr-90, nitrate, and trichloroethene (TCE)
have reached the groundwater from vadose zone sources at concentrations in excess of federal and/or state
drinking water standards, or aquatic standards considered protective of the river. In addition, contaminants
such as aluminum, iron, and manganese excced secondary drinking water standards.

3.41 100-FR-3 Operable Unit Groundwater Limited Field Investigation

Tn 1992 and 1993, as part of the RI/FS process, an LFI was conducted to define the nature and extent of
hazardous and radioactive materials in groundwater and to evaluate the applicability of interim remedial
measures for reducing human health and environmental risks posed by the 100-FR-3 groundwater OU
(DOE/RL-93-83). Thirteen groundwater monitoring wells were installed as part of this effort.

Decp well 199-F5-43B was drilled 46 m (150 ft) into the Ringold Formation and screened in the upper
confined/semi-confined aquifer (WHC-SD-EN-T1-221); the well did not reach basalt (DOE/RL-93-83).
Twelve wells (199-F1-2, 199-F5-42, 199-F53-43A, 199-F5-44, 199-F5-45, 199-F5-46, 199-F5-47,
199-F5-48, 199-F6-1, 199-F7-3, 199-F8-3, and 199-F8-4) were screened across the water table in the
Hanford formation.

The rationale for each well location is presented in the RI/FS Work Plan for 100-FR-3 (DOE/RL-91-53).
Gravels, cobbles, and boulders limited drilling options to cable too] methods. Soil samples were collected
at 1.5 m (5 ft) intervals and at major lithologic changes (i.e., geologic unit contacts and changes in the
grain size of the materials).

Groundwater samples were collected for analysis after well installation and development, except at
199-F5-43B, which could not be properly developed. In addition, seven shallow wells that were already
present were sampled as part of the LFL Thus, 19 wells were sampled during the investigation. Downhole
radiological contaminants were surveyed using geophysical techniques. Groundwater samples were
analyzed for CERCLA Contract Laboratory Program (CLP) target compound and target analyte lists,
specific anions that might be present, and radionuclides. Analytical results for groundwater were screened
to identify contaminants of potential concern (COPCs) to be analyzed further through a qualitative risk
assessment (QRA) process. The resulting, refined list of COPCs included arsenic, chromium, manganese,
nitrate/nitrite, Sr-90, and tritium (DOE/RL-93-83). The ecological risk assessment identified chromium,
copper, and lead as COPCs. Although trichloroethene was not identified by the QRA as a risk driver, it
was carried forward because it exceeded the 40 CFR 141, “National Primary Drinking Water
Regulations”. The results of the QRA are discussed in Section 3.3.3.

3.42 Groundwater/Soil Gas Supplemental Limited Field Investigation Report (1996)

In groundwater samples taken in 1994, TCE was detected at levels in excess of the EPA drinking water
standard of 5 ug/L. A supplemental LF] was conducted to determine the extent and potential source( s) of
TCE groundwater contamination (DOE/RL-95-99, 100-FR-3 Groundwater/Soil Gas Supplemental
Limited Field Investigation Report). The shallow TCE groundwater plume exceeding EPA and Ecology
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drinking water standards was identified and delincated. and the highest observed groundwater
concentration (at the time) was 52 pg/L.

Forty-nine sampling locations were established in an arca west of 100-F. covering about 5.2 km” (2 mi™).
From those identified locations. 40 soil gas samples and 41 groundwater samples were collected using

a hydraulic probe driver. In addition, groundwater samples were collected from 10 existing groundwater
monitoring wells in the arca. Relatively low concentrations of TCE were detected in soil gas collected from
the vadose zonc throughout the study area. The highest concentration of TCE in soil gas was 77 parts per
billion by volume.

The locations of clevated TCE soil gas detections in the study arca did not appear to coincide with
potential or obscrved sources of TCE contamination, and soil gas concentrations did not show a positive
corrclation with groundwater TCE concentrations. However, the lateral extent of TCE detected in the
vadose zone soil gas corrcelated directly with the lateral extent of the TCE plume in the underlying
groundwater. Additionally, the zones of elevated soil gas TCE concentrations were found to be upgradicnt
of and adjacent to zones of clevated TCE in groundwater.

A human health and ecological QRA for TCE based on data gathered during this study, along with
g g £ y g
previously obtained data, categorized risk to human, riparian, or aquatic organisms as low (i.c., for human
health. incremental cancer risk [ICR] is between 10 and 107 and for ccological, Feological Hazard
g g
Quotient [EHQ] 1s less than 1.0).

3.4.3 Qualitative Risk Assessment

In 1992 and 1993. a QRA was completed for the 100-FR-3 Groundwater OU (WHC-SD-EN-RA-012,
Qualitative Risk Assessment for the 100-FR-3 Groundwater Operable Unit) that screened COPCs
identified during the LFI for human-health and ecological risks. Using a predefined sct of human and
environmental exposure scenarios. the QRA assessed the risk to human health and ecological receptors
poscd by the groundwater and the discharge of groundwater contaminants to the Columbia River. Four
non-carcinogenic COPCs have Hazard Quotients (HQs) for human health above 1.0 as part of the
frequent use scenario: aluminum. arsenic. mangancesc. and nitrate nitrite. The HQ is the ratio of

a contaminant exposure estimate to a concentration considered to represent a safe environmental
concentration or dose. Under the occasional use scenario, the T1Q is less than 1.0 for all COPCs.

Nine carcinogenic COPCs were identified and evaluated as part of the frequent use scenario. The risk
associated with cach COPC and the total risk from all COPCs were calculated. Under the frequent use
scenario, the total risk estimated by ICR calculations is medium (ICR between 107 and 107). The
inorganic constituent arsenic and radionuclides Sr-90 and tritium also have medium risk estimations.
Organic constituents chloroform and TCE and radionuclides C-14, uranium -233/234, and uranium-238
had low risk estimates (ICR between 10 and 107): and uranium -235 had a very low risk estimate (ICR
less than or equal to 10°).

Near-river groundwater samples were also evaluated for aquatic toxicity to fish from non-radioactive
contaminants. The EHQ for non-radionuclides (hazardous chemicals) indicates that the chronic EHQs.
based on near-river well concentrations, exceeded 1.0 for Cr(VI), lead, and copper. The acute EHQ
exceeded 1.0 for Cr(VI). No radionuclide dose exceeded the levels established in DOE Order 5400.5.
Environmental Surveillance. For all radionuclides evaluated. none exceeded an E11Q of 1.0.

The QRA further determined a medium to low risk for identified contaminants in groundwater under the
frequent use scenario and low to very low risk for identified contaminants under the occasional use
scenario detected. As a result, no interim remedial measure for groundwater has been undertaken.
However, the OU was recommended to remain on the interim remedial measure pathway, and remedial
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actions at the 100-FR-3 Groundwater OU will be coordinated with the remediation of the overlying
source units (100-FR-1 and 100-FR-2 OUs).

Continued groundwater quality monitoring was proposed with a provision to recalculate risk if contaminant
concentrations increased. Post-source-remediation activities would include groundwater re-evaluation to
identify potential risk reduction resulting from the remedial activities. The QRA results suggest re-evaluation
activities should be conducted in tandem with the ongoing RUFS and D4 activities (WHC-SD-EN-RA-012).

3.4.4 Groundwater Monitoring Results

Groundwater monitoring requirements for 100-F and IU-2/IU-6 are described in DOE/RL-2003-49,
DOE/RL-2001-49, and DOE/RL-2003-04. The results are documented in annual groundwater monitoring
reports prepared for the Hanford Site (e.g., DOE/RL-2008-66). A summary of recent results (samples
from 2008 and 2009) follows. The discussion focuses on nitrate, Sr-90, Cr(VI), and TCE, which have
sources in or near 100-F. Groundwater in the TU-2 and TU-6 area is contaminated with tritium, [-129,
technetium-99, and nitrate, but the sources of those contaminants are in the 200 Areas, and remediation of
those contaminants is addressed in the 200 Area documents.

3.4.4.1 Nitrate

Groundwater concentrations of nitrate in 100-F continued to exceed the drinking water standard

(45 mg/L) in 2008 and 2009. A large nitrate plume extends southward approximately 5 km (3 mi) from
100-F (Figure 3-9). The influence of the paleo-channel described in Geology and Groundwater Quality
Beneath the 300 Area, Hanford Site, Washington (PNL-2949), as well as the history of the EAF are
suspected to contribute to the inland extent of this plume.

Nitrate in groundwater within the 100-IU-2/TU-6 region extends northwestward from the 200 East Area
through Gable Gap at concentrations generally less than the drinking water standard of 45 mg/L. Nitrate
concentrations in the eastern portion are also generally less than the drinking water standard.

3.4.4.2 Strontium-90

Strontium-90 concentrations exceeded the federal drinking water standard (8 pCi/L) beneath the portion
of 100-F in the vicinity of the 116-F-14 Retention Basin and the nearby disposal trenches 2008 and
2009 (Figure 3-10). The extent of the plume has not changed significantly in the past 10 years, and most
wells are sampled for Sr-90 every other year. Well 199-F5-1 has the highest Sr-90 concentrations

(25.8 pCi/L in 2007 and 12.0 pCi/L in 2009). The concentration in well 199-F5-1 exceeded the standard
in 2007 (8.25 pCi/L) but dropped below the standard in 2009 (3.5 pCi/L). A few other wells had
detectable Sr-90, but concentrations were less than the drinking water standard. Overall, the
contamination trends are stable or declining.

Strontium-90 shows vertical stratification in the only shallow/deep well pair in 100-F. Deep well
199-F5-43B (screened in the RUM) consistently has no detectable Sr-90, while its shallow counterpart,
well 199-F5-43A, typically has 2 to 4 pCi/L of Sr-90.

In 100-F, the Sr-90 concentrations remained below the drinking water standard in aquifer tubes during
2008 and 2009. The highest value in 2009 was 5.4 pCi/L in tubes AT-F-1-M and C6302. Generally, the
shallow and mid-depth aquifer tubes have higher Sr-90 concentrations than deep aquifer tubes.

Strontium-90 is detected north of the 200 East Area and just south of Gable Mountain and is part of the
200-BP-5 OU. The area of groundwater contaminated at concentrations greater than the drinking water
standard was approximately 0.65 km’ (0.251 mi®) in 2008 (DOE/RL-2008-66).
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Figure 3-9. Nitrate Plume in Groundwater South of 100-F
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3.4.4.3 Tritium

Tritium concentrations beneath 100-F did not exceed the federal drinking water standard of 20,000 pCi/L
in 2008 or 2009. Historically only Well 199-F8-3, near the 118-F-1 Burial Ground, has exceeded the
tritium drinking water standard, where concentrations were nearly 180,000 pCi/L in the mid-1990s. Since
then, concentrations have steadily declined. In 2009, the tritium concentration at well 199-F8-3 was
3,200 pCi/L. The plume appears to have migrated southward into 100-IU-2/IU-6 at concentrations below
the drinking water standard.

A tritium plume that originated from the 200-BP-5 Groundwater OU extends through Gable Gap at
concentrations less than the drinking water standard, and then between 100-BC and 100-K to the
Columbia River. A second plume that originated in the 200-PO-1 OU extends from the 200 East Area
eastward to the Columbia River at concentrations exceeding the drinking water standard. Figure 2-3
shows the general plume location.

3.4.4.4 Trichloroethene

Trichloroethene concentrations in southwestern 100-F (Figure 3-11) exceed the federal and state drinking
water standards, which are both 5 pg/L, but detected concentrations are declining. In 2009, samples from
only three wells exceeded the drinking water standard, with the highest concentration in Well 199-F7-1
(13 pg/L).
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Figure 3-11. Trichloroethene Concentrations in 100-F, Unconfined Aquifer
(Average of 2008 Values; DOE/RL-2008-66, Hanford Site
Groundwater Monitoring Report for Fiscal Year 2008)
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3.4.4.5 Uranium and Gross Alpha

Uranium and gross alpha concentrations in 100-F wells sampled in 2008 or 2009 remained below federal
drinking water standards (30 pg/L and 15 pCV/L, respectively). The maximum uranium concentration was
17.9 pg/L in Well 199-F8-4. This well also had the highest gross alpha concentration, 12 pCi/L.

3.4.4.6 Hexavalent Chromium

Groundwater in 100-F is primarily analyzed for total chromium in unfiltered and filtered samples. Total
chromium results from filtered samples are equivalent to the Cr(VI) concentrations. In 2008 and 2009,
chromium concentrations were reported at less than the drinking water standard of 100 pg/L for total
chromium (which includes both hexavalent and trivalent chromium). The concentration in one well
exceeded the Washington State Model Toxics Control Act (MTCA) Method B standard of 48 ug/L for
Cr(VI) (Well 199-F5-6, 54 pg/L in 2009) (WAC 173-340-705).

The Cr(VI) ambient water quality criterion is 10 pg/L. During interim action implementation for other
portions of the 100 Area, it was agreed that a 1:1 dilution factor could be applied to groundwater entering
the Columbia River (EPA/AMD/R10-00/122). Applying the near-shore dilution attenuation factor of 1:1
to the surface water quality concentration yields a remedial action goal of 20 pg/L, with near-shore
groundwater as the river protection compliance point. This 1:1 dilution agreement will be re-evaluated for
final ROD development.

Three wells (199-F5-6; 199-F5-44; 199-F5-46), located near the 116-F-14 Retention Basins and the
116-F-9 Trench, had chromium concentrations above 20 pg/L in 2008 and 2009 (Figure 3-12).

As with the other parts of the 100 Area, Cr(VI) contamination is of concern to aquatic life in the
Columbia River adjacent to 100-F/TU-2/IU-6. Salmon spawning areas are located adjacent to 100-F, and
are discussed in Section 3.8.7. In addition, the river provides habitat for a variety of other fish species,
aquatic invertebrates, and aquatic plants.

The only aquifer tubes in or near 100-F with chromium concentrations above 10 ug/L in 2009 were tube
C6303 (near the known groundwater plume) at 14.7 pg/L and tube 75-D (approximately 2 km [1.2 mi]
downstream) at 11.3 pg/L.

3.4.4.7 Other Contaminants

Other groundwater contaminants observed in the area are principally plumes from past disposal practices
within 200 East that have migrated into parts of 100-F/100-IU-2/IU-6 (but are now part of the 200-PO-1 and
200-BP-5 Groundwater OUs). These plumes include tritium, I-129, and Tc-99.

e Tritium and Jodine-129 exceed drinking water standards in a large plume east and southeast of
200 East.

o Technetium-99 and iodine-129 plumes are observed northwest of 200 East. However, concentrations
north of the gap between Gable Mountain and Gable Butte are below drinking water standards.

3.5 Contaminant Fate and Transport

This section discusses the fate and transport of contaminants in the vadose zone and groundwater within
100-F/IU-2/TU-6. Contaminants remaining in the vadose zone may migrate to groundwater and ultimately
to the Columbia River.
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3.51 Contaminant Distribution in the Vadose Zone

The primary physical and chemical properties that influence contaminant distribution in the vadose zone
are the volume of effluent discharged, contaminant inventory, vadose zone thickness, stratigraphy, Ka,
and natural recharge.

The generalized contaminant distribution model for 100-F/TU-2/I1U-6 is based on the observed distribution
of contamination, and information on recharge histories and contaminant chemical reactivity with
subsurface sediments that are to some degree waste site-specific. Effluent discharged to the soil column
provided the primary driving force for contaminant migration during operations. Where saturated
conditions were maintained during operation, the extent of contamination is most extensive. Since
cessation of waste discharges, only natural recharge and, in some cases, artificial sources of recharge are
available to facilitate continued contaminant transport. Artificial discharges include the use of water for
dust suppression.

Waste sites that received enough liquid effluent to impact groundwater have contamination at varying
elevations throughout most of the vadose zone. Contaminants with low distribution coefficients

(near zero), such as Cr(VI), migrated through the vadose zone and into the groundwater when the waste
sites were operational, and available data indicate that residual concentrations of Cr(VT) remain in the
deep vadose zone. Data are not available to evaluate the extent of other mobile contaminants, notably
tritium and nitrate, throughout the thickness of the vadose zone. Concentrations of less-mobile
contaminants generally decrease with depth below the disposal structure.

Wastes sites that received small amounts of dilute liquids are generally found to have soil contamination
extending limited distances into the vadose zone beneath them (i.e., burial grounds, reactor structures, and
some unplanned releases). Adverse impacts to groundwater from these sources are not expected where the
vadose zone is substantially thick.

More than 100 target analytes are identified for the soil waste sites. The complete list of target analytes is
provided in Chapter 4 and in the SAP (DOE/RL-2009-43).

The CSM for waste sites incorporates the following:

e  High-adsorption (distribution) coefficient (Kd) contaminants: The highest soil contaminant
concentrations are expected within and near the point of release. Sufficiently high volumes of liquids
discharged into a waste site can increase the vertical extent of contamination in the vadose zone.
Where little or no liquid effluents were discharged to a waste site, soil contamination is expected to
remain within and only slightly below the point of release.

e Low-absorption (distribution) coefficient (Kd) contaminants: The highest levels of soil contamination
are expected to be found near the point of release, but may also continue at elevated levels through
the vadose zone to groundwater, depending on the discharge volume and infiltration rate. Soil
contaminant levels generally decrease with depth, but contamination can be found at higher levels in
lenses of fine materials. Limited data are available to evaluate vertical contaminant distribution
behavior for several contaminants including nitrate, tritium, and Cr(VI).

Contaminated soil has been completely removed at waste sites to the depth of remedial action,
significantly reducing contaminant inventories. The maximum depth of remedial action is 7.6 m (25 ft),
while the typical depth of remedial action is generally 4.6 m (15 ft) or less. However, not all waste sites in
100-F/TU-2/IU-6 have been remediated.
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Field data (described in Section 3.2.3) indicate that contaminant distributions at high-volume liquid waste
sites for contaminants (e.g., arsenic, total chromium, mercury, Cr(VI), lead, Cs-137, Co-60, Eu-152,
Ni-63, Pu-239/240, U-238, and U-233/234) are highest at the bottom of the disposal facility and, below
that, generally decrease with depth. Soil samples collected and analyzed during interim remedial actions
indicate that residual contamination is located well above the water table and the periodically re-wetted
zone. Appendix B provides waste site locations and descriptions.

The inventory of contaminants remaining in the soil column has been significantly reduced by interim
remedial actions (see Section 3.2.3). Contaminated soil removal, and subsequent disposal at the ERDF for
the remaining source sites will continue. Data collected from these remaining source sites will provide
information to assess the potential for adverse impacts through direct exposure or transport to
groundwater pathways from remaining residual contamination.

Waste sites that received enough liquid effluent to impact groundwater have contamination at varying
concentrations distributed sporadically throughout most of the vadose zone. Contaminants with low
contaminant distribution coefficients (near zero) migrated through the vadose zone and into the groundwater
when the waste sites were operational. Analytical data are needed to assess the vertical extent of
contamination beyond the depth of the interim remedial actions that have been implemented at these waste
sites. Leach tests and/or verification sampling from soil collected at the bottom of the remediated waste
sites, combined with modeling, suggest that the residual contaminant concentrations are protective of
groundwater and the Columbia River.

Many facilities within 100-F/IU-2/IU-6 have undergone D4, and the reactor building has been placed in
ISS. Waste sites that are identified as part of the facility removal process are remediated using remedial
action under interim action RODs. This process has resulted in limited characterization of soil beneath
reactor structures. Because contaminants passed through reactor structures or were produced in reactor
structures as part of operations, contaminants may be present beneath the structures at concentrations that
pose risks to human health and/or ecological receptors.

3.5.2 Distribution of Contaminants in Groundwater

Hydrologic processes have influenced contaminant distribution in the subsurface as well as groundwater
flow. Processes affecting contaminant migration continue (e.g., changing river stage). The effects of local
anthropogenic alterations to groundwater flow have diminished over time with the cessation of reactor
operations (e.g., no more coolant disposal).

Groundwater flow and elevations within 100-F and 100-IU2/IU-6 are influenced by fluctuating river
stage. These changes are largely controlled by operation of the upstream Priest River Dam. During the
spring, the river surface rises as dam flows increase with snow melt. The surface water rise displaces
groundwater inland and raises the water table near the river. During this time, the hydraulic gradient is
altered and less groundwater flows into the river. Conversely during the fall, the river surface declines and
groundwater flow toward the river dominates once again. (Groundwater-surface water interactions are
discussed further in Section 3.8.7.)

In 100-F, the primary anthropogenic influences on groundwater flow patterns when the reactor was
operating were chronic unintentional losses of fluids from retention basins and intentional discharges to
cribs and trenches. The effect of these long-term discharges was to create groundwater mounds under the
discharge facilities. The large volume of liquid discharged was sufficient to create groundwater mounds
3 m (10 ft) or more above the nominal water table directly under the retention basins and other
liquid-waste disposal facilities at 100-F (UNI-946). Some groundwater contamination may have been
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directed inland because of the influence of the mounds, only to resume moving toward the river, once
liquid waste discharges terminated.

A remnant north-south trending Columbia River paleo-channel was identified in the eastern half of the area.
Contaminants that migrated to the area during groundwater mounding could have subsequently
preferentially migrated within the paleo-channel to the south. Once discharges in 100-F ceased, the
groundwater mound dissipated into the Hanford formation. Current conditions show essentially no remnant
effects on groundwater flow resulting from the previous groundwater mounding in the area.

In the area north of 200 East, a traceable paleo-channel extends through Gable Gap across the eastern part
of 200 East and to the southeast (Figure 2-3). This channel influences contaminant transport distribution
in the unconfined aquifer (e.g., the Sitewide tritium plume).

3.6 Human Receptors and Exposure Pathways

The EPA risk assessment guidance describes an exposure pathway as being the course that a contaminant
takes from a source to a receptor (EPA/540/1-89/002, Risk Assessment Guidance for Superfund, Volume I,
Human Health Evaluation Manual, Part A, Interim Final). Exposure pathways integrate information
relating to sources and/or releases of contamination, contaminant transport pathways in the environment,
exposure media, and exposure routes for receptors. Exposure pathways must contain all of the following
elements: otherwise, the pathway is not complete and does not present a risk or hazard
(EPA/540/1-89/002; EPA/540/1-89/001, Risk Assessment Guidance for Superfund, Volume I1,
Environmental Evaluation Manual, Interim Final).

e Known and potential sources and/or releases of contamination

e Contaminant migration pathways

e Potential exposure scenarios

e Potential exposure media

s Potential exposure routes

e Receptors

Known and potential sources and/or releases of contamination include shallow vadose zone soil, deep

vadose zone soil, sediment, and groundwater. Migration of contaminants from one source medium may
affect other media such as biota, air, groundwater, and surface water.

3.7  Ecological Receptors and Exposure Pathways

DOE/RL-2004-37, Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA
identifies and describes the ecological receptors and exposure pathways for the 100 Areas. A remaining
ecological exposure pathway uncertainty for 100-F/IU-2/IU-6 involves the discharge of contaminated
groundwater to ecological receptors within the Columbia River.

3.8 Conceptual Site Model Summary

The following discussion postulates the evolution of Cr(VI), nitrate, Sr-90, and TCE distribution in the
subsurface with emphasis on hydrogeologic system characteristics and processes controlling
contaminant distribution.

3.8.1 Conceptual Site Model for Hexavalent Chromium

The great majority of Cr(VI) was discharged into the surrounding environment as a dissolved species in
various liquids. Historical records show that Cr(VI) was released into the environment primarily as
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a dissolved species in two types of solutions: stock solutions used to make reactor coolant and reactor
coolant itself.

In the CSM initially developed for the 100-FR-3 OU, an estimated 28,000 m*/day (1 million ft*/day) had
leaked into the soil column during operations at 116-F-14. Sodium dichromate that was used to treat the
cooling water dissociated to create a Cr(VI) concentration ranging between 700 to 800 ug/L. At the above
leakage volume and using the lower 700 pg/L concentration, approximately 20 kg (44 1b) per day of Cr(VI)
was released to the soil column (BHI-00917, Conceptual Site Models for Groundwater Contamination at the
100-BC-5, 100-KR-4, 100-HR-3, and 100-FR-3 Operable Units). This value represents a conventionally
accepted order of magnitude estimate. Table 2-3 provides annual and total sodium dichromate mass
estimates.

The total amount of Cr(VI) used during production is estimated to be 1.6 million kgs (3.5 million 1bs);
however, this quantity includes both the mass discharged to the river as well as mass remaining in the soil
and groundwater. Cr(VI) was likely pushed inland by the growing groundwater mound. Data from

Well 699-77-36 suggest that the hydraulic effects from the mound extended approximately 2 km (1 mi)
inland. The highly soluble Cr(VI) could have been present throughout the impacted area at concentration
levels less than 700 pg/L (i.e., concentration in coolant). No chromium data are available from

Well 699-77-36 for the period when the groundwater mound was present. The well was first sampled for
chromium in 1987, and chromium was undetected.

Based on reactor operations and liquid discharge history, it is estimated that a large portion of the
chromium mass discharged to the river. As early as September 1945, effluent springs began to appear
along the riverbank in association with retention basin leakage. At least 30 springs were identified along
the 100-F shoreline extending north and south of the spillway approximately 244 and 457 m (800 and
1,500 ft), respectively, as identified in leaks in the 107-F and 107-D Basins (HW-3-3259, Leaks in 107-F
and 107-D Basin). The highest observed Cr(VI) concentrations were reported in samples collected in the
immediate vicinity of the spillway. An examination of the riverbank in 1984 found only two springs
remaining, at the river water intake and the eastern boundary of 100-F.

The rapid formation of the groundwater mound shortly after discharges began suggests that Cr(VI), and
other mobile contaminants, migrated quickly through the vadose zone and penetrated into the unconfined
aquifer. After operations ceased and there was no longer large-scale infiltration from the effluent
discharges, the groundwater mound dissipated. By the mid-1970s, the natural groundwater gradient was
essentially reestablished, with the seasonal impacts of high and low river stage controlling groundwater
elevations and flow. Evaluation of chromium (total/hexavalent) concentrations in monitoring wells from
1993 (DOE/RL-93-83) to 2008 (DOE/RL-2008-66) indicates that they have diminished considerably over
that interval, in some cases, by nearly an order of magnitude (e.g., at 199-F8-4).

Unlike the Cr(VI) contamination observed from processes at 100-D, apparently only relatively low
concentration Cr(VI) waste was discharged to the subsurface at 100-F because of the production facility
setup. There was a much longer period of using dry dichromate powder to mix corrosion control solutions
for 105-F Reactor water treatment as compared to other 100 Area reactors; and the installation of newer
equipment during the plant upgrades diminished the opportunity for leaks of the concentrated 70 percent
solution. However, delivery of the 70 percent solution into the storage tanks at 185/190-F, waste site
100-F-57 (DUN-1818, Discharge of Sodium Dichromate Solution Compliance with Executive Order
11258) was not completely efficient, and yellowish-stained soil around the storage tank location indicates
some losses. The fraction of delivered 70 percent solution lost to the subsurface is not known. However,
the current concentrations observed in groundwater do not indicate the presence of a highly concentrated,
persistent source.

3-38



DOE/RL-2008-46-ADD4, REV. 0

3.8.2 Conceptual Site Model for Nitrate

The EAF, formerly located in the northeast portion of 100-F, near the 116-F-9 Trench and

116-F-2 Trench, was used to test the effects of radioactivity and radiological contamination on living
organisms including both plants and animals. Nitrate is a common component of animal urine and feces.
An additional source of nitrate in 100-F/100-IU-2/1U-6 is from pre-Hanford agricultural use.

A portion of the nitrate that reached groundwater near the animal pens was transported inland due to the
groundwater mounding caused by reactor operations. Preferential migration along the previously
described paleo-channel may account for the current configuration of the nitrate plume within the
southern portion of 100-F within 100-F/100-IU-2/IU-6 (see Figure 3-9).

3.8.3 Conceptual Site Model for Strontium-90

Facilities producing biological waste materials contaminated with Sr-90 included the EAF and
radioecology laboratory. The main facilities used to house the animals were 141-F and 141-C. Animal
pens in both buildings had concrete floors and were connected to a special sewer system for contaminated
animal wastes. Two smaller buildings, 141-P and 141-S, were also used for housing animals. These
buildings had dirt floors, potentially allowing migration of contaminants to the vadose zone. Feed was
stored in 141-B, and the laboratory facilities were housed in 141-H. The animal monitoring laboratory
housing a whole body counter was in building 145-F (DOE/RL-93-83). Building 108-F was used as the
main laboratory facility. This facility, and others that were re-purposed once the reactor was shut down,
had dedicated disposal sites for contaminated animal/plant experiment wastes.

The EAF was located within the current footprint of the Sr-90 plume within 100-F. The most likely
explanation for the continued elevated presence of Sr-90 in groundwater within the 100-F Area is that it
came from releases from its use in biological experiments at the EAF and discharges to the 116-F-9
Trench. The disposal of contaminated urine and manure directly to the ground (via animal pens with dirt
floors), coupled with the moderate solubility of Sr-90, most likely contributed to some accumulation in
the vadose zone.

The actual quantity of Sr-90 that was discharged to the subsurface from these animal wastes,
decontamination solutions, and contaminated reactor coolant or FSB liquid is uncertain. However, there
appears to be enough inventory for local groundwater concentrations to persistently exceed the drinking
water standard. Strontium-90, being less mobile than Cr(VI), did not migrate as far during the mounding
process and has not dispersed as much since the end of reactor operations and dissipation of
groundwater mounds.

Strontium-90 was also present in solid waste disposed at various burial grounds. The 118-F-1 and
118-F-6 solid waste burial grounds are located southwest of the 105-F Reactor. These are also possible
sources of current aquifer contamination, although these locations are much less likely to be significant
compared to liquid discharge sites. Strontium-90 was detected at concentrations above the drinking water
standards in groundwater samples collected during the excavation of 118-F-6. Continued slow dispersion
and migration of Sr-90 is expected from any remaining source areas due to its moderate solubility

and mobility.

3.8.4 Conceptual Site Model for Trichloroethene

In 1993, the LFI conducted for 100-FR-3 identified TCE as a COPC (DOE/RL-93-83). In groundwater
samples collected in 1994, TCE was detected at concentrations exceeding the state and federal drinking
water standards of 5pg/L. A supplemental LFI (DOE/RL-95-99) was conducted to determine the extent
and potential sources of TCE in groundwater. The highest detected groundwater concentration

was 52 pg/L.
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The source of the TCE groundwater plume has not been identified. However, concentrations within the
plume have been decreasing (Figure 3-13); therefore, a concentrated residual source of TCE is not
suspected. Thus, no interim remedial measures were recommended (or implemented) because of the
supplemental LFI.
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Figure 3-13. Trichloroethene Trends in Groundwater in Southwestern 100-F

3.8.5 Conceptual Site Model for Low-Mobility Contaminants

Low-mobility contaminants (those with high Ky) are expected to be found at the greatest concentrations
within and near the areas of discharge. When little or no liquid effluent was discharged to a waste site,
soil contamination is expected to remain in the shallow sediment. Most of this shallow contamination has
been removed during remediation activities. Sufficiently high volumes of liquids discharged into a waste
site can modestly expand the depth of contamination in the vadose zone.

If sufficient mass of the contaminant is discharged, the soil’s capacity to sorb the contaminant may be
overwhelmed, causing the contaminant to spread. In addition, competing similar ionic substances may
cause the contaminant to temporarily desorb and spread. These conditions have been observed in the
central plateau where high-concentration brine solutions have resulted in enhanced transport of
contaminants. Liquids discharged in the 100 Area waste sites did not have similar chemical attributes.
Groundwater samples currently are not routinely analyzed for low-mobility radionuclides (e.g., Cs-137,
Co-60, Pu-238, Pu-239) or low-mobility metals (e.g., lead, mercury). Groundwater data from the early
1990s, collected for a Limited Field Investigation (DOE/RL-93-83; see Section 3.3.1) had few detections
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of these contaminants, supporting the interpretation that they did not migrate to groundwater in
significant quantities.

3.8.6 Ringold Upper Mud and Lower Hydrogeologic Units

The RUM Unit, which underlies the unconfined aquifer, has been described as primarily clayey silt and
silty clay, with lenses of silty sand and sandy silt. Only one well (199-F5-43B) in 100-F has been
completed in the RUM (or hydrogeologic units beneath it). Well 199-F5-43B is located downgradient of
the 116-F-9 Trench, and relatively close to the Columbia River shoreline (sce 100-F Base Map in
Appendix A). Groundwater samples from this well were analyzed for constituents that include organics,
inorganics, and radionuclides. Since sampling was initiated in 1995, groundwater contaminants have not
been detected at concentrations above cleanup standards.

Based on current knowledge of the RUM’s elevation from inland wells, as well as the river bathymetry,
the top of the RUM intersects the river channel, toward the bottom of the channel in 100-F.

3.8.7 Groundwater/River Interactions

Intermingling of groundwater and river water in the zone of interaction and locations of groundwater
discharges into the river channel are key issues in understanding the rates and magnitudes of
contaminants migrating to the Columbia River. The working hypothesis is that mixing between
groundwater and, at times, infiltrating river water may cause dilution of contaminant concentrations in
groundwater up to considerable depths within the aquifer.

Groundwater discharge into the river environment may occur across the riparian zone as seeps and within
the river channel substrate. Riverbank seepage creates a potential human health risk through direct
exposure to contaminants and through introduction of contaminants into the food chain. Upwelling of
groundwater into the channel substrate poses a potential risk to aquatic organisms.

Groundwater flow near the river is strongly influenced by river stage (which is directly controlled by the
upstream Priest Rapids Dam). This rise and fall of river stage creates a dynamic zone of interaction
between the groundwater and river water, and influences flow patterns, transport rates, contaminant
concentrations, and attenuation rates within the system (PNNL-13674). The water table in the aquifer
responds to changing river stage up to several hundred meters inland, including areas where the highest
Cr(VI) concentrations have been detected in 100-F. Columbia River elevations have varied by as much as
2.7 m (9 ft) in a single day. Groundwater elevations have varied by up to 0.9 m (3 ft) in 1 day in some
wells nearest the river and up to approximately 1.8 m (6 ft) seasonally in a few wells (PNL-9437,
Monitoring Groundwater and River Interaction Along the Hanford Reach of the Columbia River).

Riverbank seep discharges to the river are visible during low river stage. Conversely, during high river
stages, the seeps are submerged as river water infiltrates into the riverbanks and forms either a layered
system or a mixture during interaction with approaching groundwater. Data indicate that the composition of
riverbank storage water oscillates dramatically from nearly completely river water during high river stage to
primarily groundwater during low river stage (PNNL-13674). Figure 3-14 illustrates this phenomenon.
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Figure 3-14. lllustration of Riverbank Seepage
Source: PNNL-13674, Zone of Interaction
Between Hanford Site Groundwater and Adjacent Columbia River: Progress Report
for the Groundwater/River Interface Task Science and Technology
Groundwater/Vadose Zone Integration Project

In the channel substrate, sediment pore water may be influenced by the entrainment of river water and the
gradual influx of groundwater that upwells from the underlying aquifer. Physical, chemical, and
biological characteristics of this interface have been the focus of research in aquatic biology (i.e., Geist
and Dauble, 1998, “Redd Site Selection and Spawning Habitat Use by Fall Chinook Salmon: The
Importance of Geomorphic Features in Large Rivers”; Geist, 2000, “The Interaction of Ground Water and
Surface water within Fall Chinook Salmon Spawning Areas in the Hanford Reach of the Columbia
River”). Upwelling of groundwater from 100-F may directly impact salmon spawning areas (shown in
Figure 3-15). However, preliminary data from a pore water sampling study in 2009 showed that Cr(VI)
was undetected in all but one sample. The sole detection was below the 10 pg/L aquatic standard.

Physical, chemical, and biological processes that potentially alter the characteristics of approaching
groundwater occur within the zone of interaction. Data suggest that physical processes dominate
influences on contaminant concentrations and fluxes where groundwater discharges into the free-flowing
river. Chemical processes may render contaminants less mobile as they adsorb to sediment or precipitate.
Zone of interaction biological activity may also capture contaminants and immobilize them, or introduce
them into the food chain (PNNL-13674).
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Figure 3-15. Salmon Redds Adjacent to 100-F/I U-2/IU-6
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4 Work Plan Rationale and Tasks

This section identifies the process for target analyte and COPC development, data gaps, and tasks to
address uncertainties needed to refine the CSM and support decision making. Information is needed to fill
these data gaps before decisions can be made regarding the remediation of the vadose zone and
groundwater. Data gaps in this section address uncertainties associated with the nature and extent of
contamination, fate and transport, and the hydrogeologic framework.

41 Approach

The Integrated Work Plan (DOE/RL-2008-46) includes preliminary RAOs for the 100 Area (Table 4-1).
The RAOs are refined through the RI/FS process during the RI, River Corridor Baseline Risk Assessment
(RCBRA), and the detailed analyses of alternatives conducted in the FS; final RAOs are determined when
the remedy is selected in the ROD. The preliminary RAOs include media-specific objectives for
groundwater, surface water, soil, land use, and natural/ cultural resources. The RAOs will be used to drive
the remediation selection for 100-F/1U-2/1U-6.

Table 4-1. Preliminary Remedial Action Objectives for the 100 Area Operable Units

RAO
No. Goal
Groundwater
1 Prevent unacceptable risk to human health from ingestion of and incidental exposure to groundwater
containing nonradiological contaminant concentrations above federal and state standards.
2 Prevent unacceptable risk to human health from ingestion of and incidental exposure to groundwater
containing radiological contaminant concentrations above federal standards.
Surface Water
3 Prevent unacceptable risk to human health and ecological exposure to surface water containing
nonradiological contaminant concentrations above federal and state standards.
4 Prevent unacceptable risk to human health and ecological exposure to surface water containing
radiological contaminant concentrations above federal standards.
Soil
5 Prevent hazardous chemical contaminants from migrating and/or leaching through soil that will result in
groundwater concentrations that exceed standards for protection of surface and groundwater.
6 Prevent migration and/or leaching of radioactive contaminants through soil to groundwater in excess of

federal standards.

Prevent unacceptable risk to human health and ecological receptors from exposure to the upper 4.6 m
7 (15 ft) of soil contaminated with nonradiological constituents at concentrations above the unrestricted
land use criteria for human health or soil contaminant levels for ecological receptors.

Prevent unacceptable risk to human health and ecological receptors from exposure to upper 4.6 m
(15 ft) of soil and to structures and debris contaminated with radiological constituents.

Prevent exposure to radiological constituents at concentrations at or above a dose rate limit that causes
an excess cancer lifetime risk threshold of 10 to 10 above background for the rural residential
exposure scenario. An annual dose rate limit of 15 mrem/yr above background achieves EPA excess
lifetime cancer risk threshold.

Protect ecological receptors based on a dose rate limit of 0.1 rad/day for terrestrial wildlife populations,
which is a “to-be-considered” criterion.
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Table 4-1. Preliminary Remedial Action Objectives for the 100 Area Operable Units

RAO
No. Goal
Land Use and Resource
9 Prevent adverse impacts to cultural resources, threatened or endangered wildlife, and ecological

receptors using the Columbia River and prevent destruction of sensitive wildlife habitat.

Where it is not practicable to remediate levels that will allow for unrestricted use, ensure that appropriate
10 institutional controls and monitoring requirements are established and maintained to protect future users
of the remediated waste sites.

EPA = U.S. Environmental Protection Agency

The preliminary remediation goals (PRGs) provide target cleanup levels for use in evaluating RAO
achievement. They also provide preliminary risk reduction targets that a remedial alternative must meet to
achieve the criteria set forth in 40 CFR 300.430(e)(9)(iii), “National Oil and Hazardous Substances
Pollution Contingency Plan,” “Remedial Investigation/Feasibility Study and Selection of Remedy,”
“Feasibility Study.” As additional information becomes available from site-specific risk information, RI
site characterization, and chemical-specific applicable or relevant and appropriate requirement (ARARs),
the PRGs will be developed and finalized in the RI/FS Report.

4.2 Development of Vadose Zone Soil Target Analyte Lists and Groundwater
Contaminants of Potential Concern

A process has been developed to identify vadose zone soil target analytes for addressing uncertainties
associated with the nature and extent of contamination in the vadose zone. Similarly, a process has been
developed to identify groundwater COPCs for addressing uncertainties associated with the spatial and
temporal distribution of groundwater contamination. This section summarizes that process, and provides
tables of analytes for 100-F/IU-2/IU-6. The Integrated Work Plan (DOE/RL-2008-46) provides additional
detail on the process.

421 Vadose Zone Soil Target Analyte List

Remediation and characterization information was reviewed to develop an initial list of target analytes to
represent potential contamination in the vadose zone. Information sources included focused feasibility
studies, LFI reports, CVPs, RSVPs, interim action ROD, technical baseline reports, and databases
containing analytical data resulting from these activities.

After the initial target analyte list was compiled (Appendix D), the information underwent additional
review steps to remove analytes, using generally accepted exclusion criteria (e.g., naturally occurring
radionuclides; radionuclides with short half-lives; essential nutrients; and analytes with no toxicity
values). The soil target analyte list was compared to the groundwater COPC list, and groundwater COPCs
not found on the soil list were added to it to create the master soil target analyte list.

Next, appropriate analytical methods were determined for each analyte on the master list. Detection limits
for each target analyte were evaluated to determine whether they could achieve the remedial action goals
for direct exposure, groundwater protection, and Columbia River protection. Table 4-2 is the master target
analyte list for the 100-F. There are no target analytes for soil in 100-1U-2/IU-6 since no soil
characterization is being conducted in this area as part of this work plan.
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Table 4-2. Master Soil Target Analyte List for 100-F

Radionuclides

Nonradionuclides

Cesium-137 Fluoride Mercury Chlorobenzene Fluoranthene
Cobalt-60 Nitrate Aroclor-1016 (PCB) Chloroform Naphthalene
Europium-152 Chromium Aroclor-1221(PCB) Ethylbenzene Phenanthrene
(hexavalent)
Europium-154 Antimony Aroclor-1232(PCB) Methylene chloride Pyrene
Europium-155 Arsenic Aroclor-1242(PCB) Styrene Dalapon
Americium-241 Barium Aroclor-1248(PCB) Tetrachloroethene BHC-Alpha
Barium-133 Beryllium Aroclor-1254 (PCB) Trichloroethene Heptachlor epoxide
Silver-108m Boron Aroclor-1260 (PCB) Toluene 4,4'-DDD
Strontium-90 Cadmium 2-methylnapthalene Vinyl Chloride 4,4-DDE
Plutonium-238 Chromium (total) Carbazole Xylene 4,4-DDT
Plutonium-239/240 Cobalt Dibenzofuran Benzo(a)pyrene Aldrin
Uranium-233/234 Copper Phthalate (butyl Chrysene Chlordane (alpha,
benzyl) gamma)
Uranium-235 Lead Phthalate (bis Fluorene BHC-beta
2-ethylhexyl)
Uranium-238 Manganese Phthalate (di-ethyl) Indeno(1,2,3-cd)pyrene  Endosulfan |
Carbon-14 Molybdenum Phthalate (di-methyl)  Acenaphthene Endosulfan sulfate
Nickel-63 Nickel Phthalate (di-n-butyl)  Anthracene Endrin aldehyde
Technetium-99 Selenium Phenol Benzo(a)anthracene Endrin ketone
Tritium Silver 1,1-Dichloroethene Benzo(b) fluoranthene Methoxychlor
Thallium 2-butanone Benzo(g,h,i)perylene Toxaphene
Vanadium 2-hexanone Benzo(k) fluoranthene TPH-Diesel
Zinc 4-methyl-2-pentanone  Dibenz(a,h)anthracene
Acetone
Carbon Tetrachloride
Note:
4,4'-DDD = 4,4'- Dichlorodiphenyldichloroethane
4,4-DDE = 4 4- Dichlorodiphenyidichloroethylene
4,4-DDT = 4 4- Dichlorodiphenyltrichloroethane
alpha- BHC = alpha-1,2,3,4,5,6-hexachiorocylohexane
PCB = polychlorinated biphenyls
TPH-Diesel = Total Petroleum Hydrocarbon-Diesel
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The master target analyte list represents all potential target analytes that could be present in the vadose
zone. Location specific target analytes were identified from the master list using the following approach.

e Identify the contaminants of concern (COC) for the specific waste sites from the interim action ROD
(EPA/ROD/R10-99/039) (which reflects information from LFIs and technical baseline reports) or
from verification documentation, such as a CVPs or RSVPs. Include these analytes on the location
specific target analyte list.

¢ Bvaluate local groundwater data (wells located within waste site “zones of influence”). If the
groundwater COPCs have been analyzed for but not detected, these analytes will not be included on
the location specific target analyte list. If the groundwater COPCs have been analyzed for and have
been detected, these analytes will be included on the location specific soil target analyte list. If the
groundwater COPCs have not been analyzed for, an additional evaluation will be performed to
determine if analyses for these COPCs is needed. If so, these COPCs will be included on the waste
site-specific soil target analyte list.

Regulatory agency review of the target analyte lists allows for the adjustment/addition of sample locations
and target analytes on a site-specific basis. This adjustment has been agreed upon to ensure that regulator
concerns regarding data gaps and uncertainties are addressed. When additional information needs are
identified, the agencies will modify the characterization locations required and may adjust the location
specific target analyte lists.

Location specific target analyte lists are provided in Section 2 of the SAP (DOE/RL-2009-43).

4.2.2 Groundwater Contaminants of Potential Concern

This process identified groundwater COPCs that will be carried forward and evaluated for nature and
extent characterization and to address RCBRA groundwater risk uncertainties. A COPC is a constituent
identified as a potential threat to human health or the environment with data of sufficient quality for use in
a baseline QRA. Action levels were derived from readily available chemical-specific ARARs, such as
Maximum Contaminant Levels, Ambient Water Quality Criteria, or risk-based PRGs using EPA health
criteria and default exposure assumptions.

A groundwater data set was prepared for 100-F/IU-2/IU-6 to identify groundwater COPCs, as shown in
Appendix D. Analytical data were obtained from the Hanford Environmental Information System
database for all wells identified within the area. The analytical data set represents groundwater samples
collected between 1992 and 2008. This timeframe was selected because it captures analytical data
collected during the LFI, which were used to prepare the QRA. In the early 1990s, groundwater samples
were analyzed for a comprehensive set of constituents. Because many of the analytes were undetected,
selected constituents were dropped from routine groundwater monitoring. Thus, some of the groundwater
COPCs have only a short period of record. Results from unfiltered samples were selected, as these data
represent total concentrations of the analyte. Use of filtered sampling results may underestimate chemical
and radiological concentrations and are not used for the COPC selection process.

After the initial COPC list was compiled, the information underwent additional review steps to remove
analytes, using generally accepted exclusion criteria (e.g., naturally occurring radionuclides; radionuclides
with short half-lives; essential nutrients; water quality parameters that do not have available toxicological
information; and analytes without an action level). Analytes that were not detected in any of the
groundwater samples were eliminated as groundwater COPCs. Analytical results that were rejected and
flagged with an “R” qualifier were not considered reliable and were thus not included as a detection for
that analyte. All constituents that were detected at least once were carried to the next step.
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Analytes whose maximum concentrations are less than their action levels were not identified as COPCs.
Steps were taken to identify when an analyte was detected infrequently to determine if the results are
reproducible or associated with localized contamination. Additionally, method detection limits were
evaluated to determine if they are adequate for determining presence or absence at the action level. If the
results of this comparison showed that the presence of an analyte was reproducible, then the analyte was
identified as a groundwater COPC.

Next, groundwater COPCs were compared to the master target analyte list for soil. This step of the
process is used to confirm that the target analytes identified for vadose zone soil are appropriately
considered for groundwater. Based on the transport mechanisms associated with the target analytes, it is
a reasonable assumption that not all target analytes identified for vadose zone soil will be COPCs for
groundwater. For example, contaminants that are relatively immobile in water, such as PCBs, are not
included as groundwater COPCs.

Tables 4-3 and 4-4 list the resulting groundwater COPCs for 100-F/IU-2/IU-6. Regulatory agencies
review the groundwater COPC list and may modify the list, as they do for soil target analyte lists.

Table 4-3. 100-F Area Groundwater Contaminants of Potential Concern

Radionuclides Nonradionuclides
Americium-241 Antimony Manganese Chioroform
Carbon-14 Arsenic Mercury Styrene
Cesium-137 Beryllium Nickel Tetrachloroethene
Cobalt-60 Cadmium Selenium Trichloroethene
Europium-154 Chromium Thallium Vinyl Chioride
lodine-129 Cobalt Zinc Fluoride
Plutonium-238 Copper 1,1-Dichloroethene Nitrate
Plutonium-239/240 Hexavalent Chromium Carbon Tetrachloride Sulfate
Strontium-90 Lead
Technetium-99
Thorium-230
Tritium
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Table 4-4. 100-1U-2/IU-6 Area Groundwater Contaminants of Potential Concern

Radionuclides

Nonradionuclides

Europium-155

lodine-129
Strontium-90
Radium-228
Technetium-99

Tritium

Lead

Manganese

Carbon Tetrachloride

Americium-241 Antimony Mercury Chloroform
Carbon-14 Arsenic Nickel Trichloroethene
Cesium-137 Cadmium Thallium Tetrachloroethene
Cobalt-60 Cobalt Zinc Vinyl Chloride
Europium-152 Copper 1,1-Dichloroethene Fluoride
Europium-154 Hexavalent Chromium Benzene Nitrate

Total petroleum hydrocarbon —
diesel range

4.3 Identification of Data Gaps .

A product of the planning process is the identification of data gaps. Systematic planning identified eight
data gaps to address uncertainties within the study area. The identified data gaps were selected to address
uncertainties associated with the nature and extent of contamination, fate and transport, and the
hydrogeologic setting. Data gaps are identified in Table 4-5, including a description of data needs,
planned efforts (i.e., drilling, sampling, and analysis) to address each uncertainty, and relevant
background information. Additional background information and the rationale for planned efforts are
presented in Sections 4.3.1 and 4.3.2. Section 4.3.3 presents additional tasks above and beyond those
needed to address specific data gaps. Table 4-6 summarizes the number of boreholes and wells to be
drilled and sampled. Figure 4-1 shows the locations of boreholes, wells, and waste sites in 100-F that are
described in this section, while Figure 4-2 shows the locations of wells to be sampled in 100-F/IU-2/1U-6.
Details of the sampling program, including the number of samples and analytical tests, are presented in
the SAP (DOE/RL-2009-43).
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Additional Data

Data Data Collection Scope
Gap Data Gap No. Need Description Recommended? of Work Justification
Data are needed to refine the 1 Assess the nature and Continue interim remedial actions, as they have proven Yes Complete contaminated soil removal and sampling at Remediation is needed to protect human
conceptual site model of vertical extent of to be efficient in obtaining the necessary data during 14 waste sites in the 100-F Area and 70 waste sites in the health and the environment. Data collected
contaminant distribution contamination beneath remediation. 100-IU-2 and IU-6 OUs. The unremediated waste sites upon completion of remediation are needed to
beneath un-remediated un-remediated waste sites. 4 data documenting the remaining residual are listed in Appendix B, and the SAP (DOE/RL-2009-43). assess risk from direct exposure, protectior) of
waste sites. contamination following completion of the interim A site-specific evaluation shall be performed on site groundwater, and protection of the Columbia
remedial actions. 100-F-59 to determine if existing data are consistent with River.
the current RCBRA. Data collected from 100-F-59 indicate that
contaminant concentrations are above
background concentrations. A site-specific
evaluation is needed to support final |
remedy selection.
Data are needed to refine the 2 Assess the nature and Drill two boreholes and collect samples for analysis for Yes Drill one borehole each at the following waste sites: the Characterization is needed to validate interim
conceptual site model of vertical extent of target analytes to assess the vertical extent of 116-F-14 Retention Basin and the 118-F-1 Burial Ground.  remedial action, and address uncertainty
contaminant distribution contamination beneath contamination in the vadose zone at the Collect and analyze soil samples for target analytes. regarding the nature and extent of residual
beneath selected remediated selected remediated borehole locations. Details are presented in the SAP (DOE/RL-2009-43). contamination in the vadose zone.
waste sites. waste sites. _
Data are needed to refine the 3 Assess the nature and Drill one borehole near the reactor structure in an area Yes A borehole in the boundary of the 118-F-8 Reactor FSB The 118-F-8 Reactor Fuel Storage Basin was
conceptual site model of vertical extent of most likely to be contaminated and collect samples for will be drilled and soil samples will be collected and selected for additional characterization
contaminant distribution contamination in the analysis for target analytes to assess the vertical extent analyzed to target analytes. Details are presented in the because of documented leaks at this location.
beneath and around reactor vadose zone around the of contamination in the vadose zone. SAP (DOE/RL-2009-43).
structures. 105-F Reactor structure.
The nature and extent of 4 Identify groundwater Groundwater contamination has been detected at Yes Install two new groundwater monitoring wells (Figure 4-1).  New wells are proposed to further define the
contamination exceeding contaminants and define concentrations above water quality standards in the Well 1 will be installed to further define the extent of Cr(VI). extent of Cr(VI) and Sr-90 contamination. The
cleanup standards in the the extent of contamination  unconfined aquifer in the 100-F Area. The extent of Well 2 will be installed to further define the extent of Sr-90. extent of Cr(VI) contamination has not been
unconfined aquifer have not both horizontally and contamination in the unconfined aquifer has not been Well 3 will be drilled into the RUM Unit and will define the sufficiently defined to the west of Well
been defined in all areas, nor vertically. fully defined horizontally or vertically. vertical distribution of contaminants through the unconfined 199-F5-6. The extent of strontium-90
for all COPCs. aquifer and within the RUM Unit. Groundwater samples will contamination has not been sufficiently
be collected at various depths and analyzed for COPCs, as  defined to the south of the 116-F-14 Retention
specified in the SAP. Basin.
Sample new and existing monitoring wells for all
groundwater COPCs. Details are found in the SAP
(DOE/RL-2009-43). Sampling will also be conducted to
address data gap No. 8.
Contaminant concentrations 5 Data from the aquifer tube  Aquifer tubes have been installed to analyze Yes Continue routine sampling of existing aquifer tubes per Continued sampling is needed to define the
entering the Columbia River network are needed to groundwater contaminants discharging to the river. the SAP for Aquifer Sampling Tubes (DOE/RL-2000-59%).  nature and extent of groundwater
are not well known. monitor contaminant These aquifer tubes are typically analyzed for contamination approaching and entering the
concentrations over time contaminants once a year. river.
and with depth near the
river.
Contaminant fate and transport 6 Evaluate the integrity of the The RUM Unit is currently considered an aquitard. The Yes Collect split-spoon soil samples from 1.5 m (5 ft) into the Only one well has been completed within the

beneath the unconfined aquifer
have not been evaluated
sufficiently over
100-F/iU-2/1U-6.

aquitard unit and
contaminant fate and
transport within the
aquitard.

integrity of the aquitard unit and potential contaminant
transport within the aquitard have not been evaluated.

RUM Unit during drilling for new wells 1 and 2, and 15 m
(50 ft) into the RUM Unit during drilling for new well 3
(Figure 4-1). Screen well 3 within the first water-bearing
zone within the RUM Unit and analyze groundwater
samples for COPCs.

RUM Unit in 100-F/IU-2/1U-6. Data are
needed to confirm that the RUM Unit serves
as an aquitard and that groundwater within the
RUM Unit is not contaminated.
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Table 4-5, 100-F/IU-2/IU-6 Data Gaps

Additional Data

Data Data Collection Scope
Gap Data Gap No. Need Description Recommended? of Work Justification
Data are needed for a better 7 Geological On selected soil samples, evaluate hydraulic and other Yes Drill and sample soil and groundwater from the three new  Data are needed to support fate and transport
understanding of characterization, physical, properties, analyze target compound concentrations, wells (Figure 4-1). Drill Wells 1 and 2 to a depth of 5 m modeling and evaluate the causes of
hydrogeological conditions, and hydraulic property data  and perform batch leach tests. Analyze groundwater (15 ft) into the RUM Unit, and drill Well 3 to a depth of 15 contaminant persistence.
aquifer and surface water are needed to support samples collected during drilling for COPCs., Collect soil m (50 ft) into the RUM Unit. Screen Well 3 in the first
interactions, and contaminant modeling and analysis. and groundwater samples from the (1) vadose zone, water-bearing zone encountered in the RUM Unit.
mobility through the (2) deep vadose zone, (3) rewetted zone, (4) shallow Analyze soil samples collected from the vadose zone,
vadose zone. unconfined aquifer, (5) deep unconfined aquifer above unconfined aquifer, and RUM Unit and analyze
the RUM Unit, and (6) within the RUM Unit. groundwater samples from the unconfined aquifer and the
RUM Unit (if sufficient water is available for sampling) per
the SAP.
Install and monitor pressure transducers in selected wells
to determine horizontal hydraulic gradient and vertical
gradient.
Data are needed to reduce the 8 Reduce uncertainty in Obtain groundwater data that are spatially Yes Collect and analyze groundwater samples from Groundwater data are needed to assess the

uncertainty in the nature and
spatial and temporal
distribution of groundwater

assessing risks posed by
groundwater
contamination.

contamination.

representative of the area, that aid evaluation of river
stage influence, and are inclusive of all COPCs.

55 groundwater monitoring wells in 100-F/1U-2/1U-6 to
characterize the nature and extent, and temporal
variability, of groundwater contamination. Three rounds of
groundwater sampling will be conducted, during high, iow,
and transitional river stage. Wells are shown in Figures
4-2 and 4-3. Details are presented in the SAP
(DOE/RL-2009-43).

full suite of COPCs and evaluate spatial and
temporal uncertainties associated with the
RCBRA. Many of the wells are sampled to
also achieve objectives of the 200 Area
groundwater OUs; sampling and analysis are
coordinated to avoid duplication of effort.

Note:

a. DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling Tubes

COPC
Cr(Vl)
FSB
ou
RCBRA
RUM
SAP
Sr-90

contaminant of potential concern
hexavalent chromium

Fuel Storage Basin

Operable Unit

River Corridor Baseline Risk Assessment
Ringoid Formation Upper Mud Unit
Sampling and Analysis Pian
Strontium-90
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431 100-F/IU-2/IU-6 Data Gaps - Vadose Zone

Remediation of the 259 waste sites in 100-F/IU-2/TU-6 began in 1999 under the authority of an interim
ROD. As of December 2009, 173 of the 259 waste sites have been characterized, remediated, and interim
closed or evaluated (i.e., rejected or not accepted as waste sites) in accordance with the interim action
ROD or other regulatory guidance. The remaining waste sites have an accepted or discovery site status,
which generally means limited evaluation and cleanup have been performed. The extent of remaining
contamination within the vadose zone is unknown in several areas within the area, as discussed in Data
Gaps No. | through No. 3.

Data Gap No. 1: Data are needed to refine the CSM of contaminant distribution beneath un-remediated
waste sites.

Background and Justification: Not all waste sites in 100-F/IU-2/IU-6 have been remediated. Data collected
from these remaining sites will provide information needed to assess the potential for adverse impacts
through direct exposure or contaminant transport to groundwater from remaining residual contamination.

Remediation will primarily consist of RTD, which will generate additional characterization data to
address many of the current data gaps and help refine overall site knowledge. Contaminated soil and
debris will be removed and disposed at the ERDF or other offsite facility (as appropriate) until the
¢leanup levels are met.

Excavation activities are guided by data obtained through field measurements or quick-turnaround
laboratory analyses performed concurrently with the excavation and used to continually update the site
characteristics databases. This cleanup approach also provides opportunities for discovery of new waste
sites that will be incorporated into the remediation plans.

Sequencing of waste site cleanup is based on the Tri-Party Agreement (Ecology et al., 1989a) milestone
framework. Within this framework, knowledge of operational process (e.g., sodium dichromate use) and
past releases may be used to target and prioritize specific waste sites or areas with contaminants that
presently exist in or potentially impact groundwater. Effective implementation of waste site cleanup
prevents further degradation of groundwater, thereby increasing the likelihood for success of other
remedial actions (e.g., pump-and-treat) directed specifically at contaminated groundwater.

Table 4-6. Summary of Proposed 100-F/IU-2/IU-6 Remedial Investigation/Feasibility Study
Work Plan Characterization

Type Number
New boreholes (vadose zone) 3
New wells (unconfined aquifer) 2
New wells (extending into the RUM Unit) 1
Current monitoring wells (sampling to support risk characterization) 55

Note:
RUM = Ringold Upper Mud
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Figure 4-2. Proposed 100-1U-2/IU-6 Groundwater Sampling Locations
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Scope of Work: Continue interim remedial actions, as they have been demonstrated to efficiently obtain
the necessary data during remediation, including data documenting residual contamination following
completion of RTD. Data gaps associated with soil remedial actions will be met by planning and
scheduling the remedial actions, collecting data to verify cleanup of waste sites, and obtaining
concurrence from regulators on the achievement of remedial action goals relative to direct exposure,
protection of groundwater, and protection of surface water.

100-F-59 Special Case. The 100-F-59 Burn Pit is a non-radiological accepted waste site located within the
riparian zone adjacent to the Columbia River. The site is under water about 6 months of the year. Remedial
action by excavation was performed on a portion of this site to depth of the water table, which is less than
0.6 m (2 ft) bgs during low river stage. Verification sampling indicates that contamination exceeds remedial
action goals for soil to the depth of remedial action. Because the site is within the river, remedial action
goals for sediment may apply to this site; remedial action goals for sediment have not been established. A
site-specific assessment shall be performed to determine if existing data and sampling plans will support
both human health and ecological evaluations. Contingent upon the findings of the evaluation, data
collection and/or site-specific assessment shall be performed to support final remedy selection.

Data Gap No. 2: Data are needed to refine the CSM of contaminant distribution beneath remediated waste
sites.

Background and Justification: To determine which waste sites may require further characterization to
address CSM uncertainties regarding the nature and extent of contamination and contaminant fate and
transport, all of the waste sites were placed into three general categories based on current site status. Site
status provides an indicator of the cleanup progress and future evaluation that may be required.

e Category 1 includes sites with a status of rejected or not accepted. No further characterization is
typically required at these sites because the areas of concern either: (1) meet applicable cleanup
standards or closure requirements, or (2) were determined to not be a waste site according to
RL-TPA-90-0001, Tri-Party Agreement Handbook Management Procedures, Guideline Number
TPA-MP-14, “Maintenance of the Waste Information Data System (WIDS).” Seventy-five sites have
a status of rejected or not accepted (Appendix B). As additional remediation and characterization are
not required at category 1 sites, no additional effort is planned in this RI.

e Category 2 includes sites with a status of accepted or discovery. There are 86 sites in this category,
which includes sites that generally have not been remediated and interim closed or otherwise have not
been addressed according to the interim ROD. Accepted and discovery sites will be characterized and
evaluated (as applicable) through the efforts of other programs such as the River Corridor Field
Remediation Project.

e Category 3 includes sites with a status of closed out and interim closed (i.e., has been remediated
according to the interim action ROD). There are 98 waste sites in this category that are considered for
additional characterization in 100-F/IU-2/IU-6 area RI/FS.

e Further analysis and evaluation was then conducted to determine which sites may need further
characterization. Interim closed, closed, or no actions sites were evaluated. Those sites that were
identified for further characterization in the RI were selected because of characterization deficiencies
(i.e., COPCs were not analyzed) or the existence of other conditions. These conditions include the
presence of residual contamination, amount of data available, and the volume of liquid at the waste
site, among others. The description of the process for this evaluation follows.
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Step 1: The first step was to eliminate sites that had a rejected or not accepted reclassification status, were
part of an active facility, or were actively being remediated (Table 4-7). '

Table 4-7. Waste Sites Dropped from Further Consideration by Step 1

100-F-1 600-122 600-164 600-183 600-207
100-F-17 600-123 600-165 600-184 600-209
100-F-21 600-126 600-166 600-185 600-234
100-F-28 600-130 600-167 600-189 600-24
100-F-30 600-135 600-168 600-192 600-240
100-F-32 600-136 600-169 600-193 600-250
100-F-40 600-138 600-170 600-194 600-251
100-F-41 600-153 600-171 600-195 600-26
100-F-5 600-157 600-172 600-196 600-263
100-F-6 600-158 600-173 600-198 600-27
100-F-8 600-159 600-174 600-199 600-304
116-F-13 600-160 600-175 600-20 600-31
118-F-9 600-161 600-177 600-200 600-50
132-F-2 600-162 600-179 600-203 UPR-600-18
600-121 600-163 600-180 600-206 UPR-600-19

Step 2: Review available site data (WIDS, CVPs, RSVPs, LFI) for sites with a no action, interim closed
out, or closed out reclassification status to identify sites with potential data missing for primary risk driver
COPCs. This includes consideration of missing analyses and exceedances of applicable PRG values.
Table 4-8 shows the sites that were eliminated at this step.

Table 4-8. Waste Sites Dropped from Further Consideration by Step 2

100-F-10 100-F-42 118-F-3 600-191
100-F-11 100-F-43 118-F-5 600-201
100-F-15 100-F-54 118-F-6 600-204
100-F-16 100-F-7 118-F-7 600-208
100-F-18 116-F-1 128-F-1 600-239

100-F-2 116-F-10 1607-F2 600-98
100-F-20 116-F-16 1607-F5 600-99
100-F-23 116-F-3 600-107 628-1
100-F-24 116-F-4 600-110 UPR-100-F-2
100-F-25 116-F-5 600-129 UPR-100-F-3
100-F-29 116-F-7 600-131

100-F-36 116-F-8 600-139

100-F-4 118-F-2 600-181 ‘
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Step 3: From the list of remaining waste sites, those waste sites that had exceedances of PRG values for
contaminants with high soil-partitioning affinity, and that had little or no liquid use were eliminated from
further evaluation. Table 4-9 presents these sites.

Table 4-9. Waste Sites Dropped from Further Consideration by Step 2

100-F-12 116-F-15 600-111
100-F-31 118-F-1 600-128
100-F-35 118-F-4 600-132
100-F-37 120-F-1 600-190
100-F-38 132-F-1 600-23
100-F-50 141-C 600-52
100-F-52 1607-F1 JA JONES 1
100-F-53 1607-F4 UPR-600-11
100-F-9 1607-F6 UPR-600-16

Step 4: From the list of remaining waste sites, those sites that already have sufficient vertical
characterization data from interim remediation or other characterization data were eliminated from further
evaluation. Table 4-10 lists those sites and indicates the type of characterization data that was collected.

Table 4-10. Waste Sites Dropped from Further Consideration by Step 3

116-F-2 Previous characterization borehole
116-F-6 Previous characterization borehole
116-F-9 Previous characterization test pits and borehole

The remaining waste sites requiring additional characterization are presented in Table 4-11. The existing
contaminant data collected from the vadose zone was obtained from depths no greater than 9.1 m

(30 ft) bgs, with a few exceptions. The available data indicate the need to better characterize the vadose
zone beneath select waste sites and assess the vertical extent of vadose zone contamination.

Characterization is needed to validate interim remedial action and address uncertainty regarding the
nature and extent of residual contamination in the vadose zone. Additional information on each waste site
and a detailed description for each is provided under the associated data gap.

Table 4-11. Remaining Waste Sites for Further Characterization

100-F-14 Localized residual contamination sufficiently characterized
100-F-19 Sufficient existing characterization of residual contaminant concentrations
100-F-33 Localized residual contamination sufficiently characterized
100-F-34 Localized residual contamination sufficiently characterized
116-F-11 Sufficient existing characterization of residual contaminant concentrations

4-15




DOE/RL-2008-46-ADD4, REV. 0

Table 4-11. Remaining Waste Sites for Further Characterization .

116-F-12 Sufficient existing characterization of residual contaminant concentrations

116-F-14 Selected for Rl borehole

126-F-1 Localized residual contamination sufficiently characterized

126-F-2 Analogous to 118-F-1

128-F-2 Sufficient existing characterization of residual contaminant concentrations

128-F-3 Localized residual contamination sufficiently characterized

132-F-3 Analogous to 118-F-1

132-F-4 Analogous to 118-F-1

132-F-5 Analogous to 118-F-1

132-F-6 Analogous to 118-F-1

1607-F3 Sufficient existing characterization of residual contaminant concentrations

1607-F7 Sufficient existing characterization of residual contaminant concentrations

182-F Sufficient existing characterization of residual contaminant concentrations

UPR-100-F-1 Sufficient existing characterization of residual contaminant concentrations

Scope of Work: Two boreholes will be drilled to fill this data gap and obtain the data needed to refine the

CSM (Table 4-12). Soil samples will be collected during drilling and analyzed to assess the vertical extent

of contamination in the vadose zone beneath select waste sites. Soil samples will be collected and .
analyzed to assess the nature of contamination immediately below the depth of remedial action. This

scope of work will also be used to gather data identified in data gap No. 7. Soil samples will be collected

and analyzed as described in the SAP (DOE/RL-2009-43). The locations of the boreholes and waste sites

of interest are shown in Figure 4-1. Boreholes for this data gap are identified as B1 and B2.

Boreholes samples will be screened in the field for radiological contamination and Cr(VI). Radiological
screening will be conducted with field instruments. Screening for Cr(VI) will be performed visually and
assumed present, as indicated by soil staining. Analytical testing will be conducted on samples for COPCs
as outlined in the SAP (DOE/RL-2009-43).
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Table 4-12. Borehole and Test Pit Locations and Justification for Data Gap No. 2

Site Characterization

Waste Site Status Description Justification for Inclusion

116-F-14 Interim Borehole B1 This site was a high-volume liquid site at which significantly

Retention Closed leakage was reported and effluent reached groundwater during

Basin operations. LFI soil concentrations (cadmium, copper, total
chromium, zinc, and mercury) exceeded Hanford Site
background concentrations. This site has a high residual Cr(V)
concentrations relative to other remediated sites and the CVP
verification soil contamination increased with depth. This site is
also located near the Sr-90 plume.

118-F-1 Interim Borehole B2 This was a primary burial ground and suspected of being the

Burial Closed source of a Cr(VI) and tritium plume detected in the 1990s.

Ground

Note:

Cr(Vl) = Hexavalent chromium

CVP = cleanup verification package

LFI = limited field investigation

Sr-90 = strontium-90

Soil samples from boreholes will be collected for chemical and radiological analysis at 1.5 m (5 ft) intervals
from the bottom of the waste site (or the maximum depth of remedial action). Continuous sampling will be
performed within 3 m (10 ft) of the water table. A soil and filtered water sample will also be collected 1.5 m

‘ (5 ft) into the aquifer. Opportunistic groundwater samples will be collected from borings as described under
Task No. 1, described in Section 4.3.3. Additional samples may be collected at the discretion of the
geologist or sampler, based on field screening results. Specific sample intervals and COPCs are defined in
the SAP (DOE/RL-2009-43). Boreholes will be decommissioned after sample collection.

Data Gap No. 3: Data are needed to refine the CSM of contaminant distribution beneath and around
reactor structures.

Background and Justification: Many facilities within 100-F/IU-2/1U-6 have undergone D4 and the
reactor has been placed in ISS. Waste sites that are identified as part of the facility removal process are
remediated using RTD under the interim action ROD. This process has resulted in limited
characterization of the soil beneath the reactor structure. Because contaminants passed through the reactor
or were produced in the reactor as part of operations, contaminants may be present bencath the reactor at
concentrations that pose risk to human health or ecological receptors. Insufficient data are available to
assess the potential contamination beneath the reactor.

The 118-F-8 Reactor FSB was selected for additional characterization because of documented leaks at
that location and decision-maker recommendations to characterize the structures beneath the reactor.
Remediation of the 118-F-8 Reactor FSB included the removal of the subsurface structure and disposal of
contaminated materials, including soil underlying the former FSB floor and side slopes. Contaminant data
were collected to a depth of 6.4 m (21.5 ft) bgs.

Scope of Work: Drill one borehole (Borehole B3, Figure 4-1) near thel18-F-8 Reactor FSB in an area
most likely to contain soil contamination. Collect and analyze soil samples for target analytes analysis to
. assess the vertical extent of contamination in the vadose zone.
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Screen samples in the field for radiological contamination and Cr(VI). Radiological screening will be
conducted with field instruments. Screening for Cr(VI) will be performed visually and assumed to be
present as indicated by soil staining.

Collect soil samples at 1.5 m (5 ft) intervals beginning at the bottom of the waste site/engineered structure
(or maximum depth of remedial action). Collect soil samples on a continuous basis from a depth of 3 m
(10 ft) above the water table to the water table. Also collect soil and groundwater samples 1.5 m (5 ft) into
the aquifer. Additional samples may be collected at the discretion of the geologist or sampler based on
field screening results. Specific sample intervals and analytical sampling requirements are defined in the
SAP (DOE/RL-2009-43).

43.2 100-F/1U-2/IU-6 Data Needs - Groundwater

Data needs specific to groundwater are identified and described in this section. Data needs include
analytical needs (e.g., laboratory sample results), other quantitative data (e.g., hydrogeologic,
geochemical parameters), and qualitative data needs (e.g., decision data needs, policy data needs, and
information data needs). Proposed groundwater monitoring wells are described in Table 4-5 and discussed
in more detail below.

Data Gap No. 4: The nature and extent of contamination in the unconfined aquifer above cleanup
standards has not been fully defined in all areas or for all COPCs.

Background and Justification: Groundwater contamination has been detected at concentrations above
water quality standards in the unconfined aquifer in 100-F/IU-2/IU-6. The extent of contamination
(e.g., Cr(VI)) has not been defined spatially in the unconfined aquifer. In addition, not all groundwater
COPCs are routinely monitored.

Concentrations of several contaminants in groundwater are greater than drinking water standards

(40 CFR 141) or standards for protection of aquatic receptors. EPA expects to return usable groundwater
to its beneficial uses wherever practical, within a period that is reasonable, given the particular
circumstances of the site. When restoration of groundwater to beneficial uses is not practical, EPA
expects to prevent further migration of the plume, prevent exposure to the contaminated groundwater and
evaluate further risk reduction (40 CFR 300.430(a)(1)(iii)(F), “General™).

Analyzing samples from new and existing wells for COPCs will provide data on the nature and extent of
groundwater contamination. Groundwater quality data collected during drilling of new wells will
determine how deep in the aquifer contamination is found. In addition, groundwater elevation data will be
used to evaluate groundwater and plume flow directions.

Scope of Work: Install two new wells in the unconfined aquifer (Figure 4-1). Well 1 is located to further
define the extent of Cr(VI) contamination as the extent of Cr(VI) to the west of Well 199-F5-6 is not
known. Well 2 is positioned to further define the extent of Sr-90 contamination as the extent of Sr-90 to
the south of the 116-F-14 Retention Basin is not known. In addition, groundwater elevation data will be

used to evaluate groundwater and plume flow directions. Sampling and analysis details are provided in
the SAP.

During well installation, collect the following data:

e Split-spoon soil samples from the vadose zone, within the unconfined aquifer, and prior to and after
entering the RUM Unit. (Data Gaps No. 2, No. 3, and No. 7 describe analysis of soil samples.)

e  Water samples from various depths within the unconfined aquifer to determine the vertical
distribution of COPCs within the aquifer.
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‘ e Samples from existing monitoring wells for all groundwater COPCs (Tables 4-3 and 4-4). Details are
found in the SAP (DOE/RL-2009-43).

Data Gap No. 5: Contaminant concentrations entering the Columbia River are not well known.

Background and Justification: Groundwater discharge to the river at concentrations above aquatic
cleanup levels (e.g., for Cr(VI)) has been documented in 100-F. The near-shore groundwater conditions
are directly affected by river stage. Limited data are available to adequately understand groundwater flow
paths, contaminant migration, and mixing in the near-shore area. A wide range of mixing ratios has been
observed (SGW-39305, Technical Evaluation of the Interaction of Groundwater with the Columbia River
at the Department of Energy Hanford Site, 100-D Area) from upwelling water at the bottom of the river
and groundwater at near-shore locations. This mixing ratio represents a continuum from pure groundwater
to pure river water, depending on when and where in the groundwater pathway measurement is taken. The
current dilution factor allowed by the interim action ROD is 1:1. The TPA Action Plan, Appendix D,
Milestone M-016-110-T01, “New and Accelerated Groundwater and Columbia River Protection Hanford
Federal Facility Agreement and Consent Order Milestones” (Ecology et al., 1989a,), requires compliance
with cleanup standards in the hyporheic zone, thus more data from near-shore wells and aquifer tubes will
be gathered to quantify groundwater-river water mixing behavior, addressing this uncertainty in
establishing remediation goals.

Scenarios for plume discharge to the river vary widely because of seasonality and dynamic conditions in
the zone of interaction. The greatest contaminant flux and highest concentrations at exposure locations are
postulated to occur during periods of low river stage, when the groundwater hydraulic gradient toward the
river is steepest and mixing between river water and groundwater is minimal. Additional physical,

‘ chemical, and biological process data and ongoing monitoring information may be needed to adequately
understand the features and transport processes associated with the zone of interaction, their potential
impact to aquatic receptors, and to support remedy decisions.

Aquifer tubes have been installed to analyze groundwater contaminant concentrations discharging to the
river. These aquifer tubes are will continue to be analyzed for contaminants once per year.

Scope of Work: Continue routine sampling of existing aquifer tubes per the SAP for Aquifer Sampling
Tubes (DOE/RL-2000-59, Sampling and Analysis Plan for Aquifer Sampling Tubes).

Data Gap No. 6: The fate and transport of contaminants beneath the unconfined aquifer has not been
evaluated sufficiently over the 100-F/IU-2/1U-6 Area.

Background and Justification: The RUM Unit underlies the unconfined aquifer in 100-F/IU-2/TU-6.
The RUM Unit consists primarily of clayey silt and silty clay, with lenses of silty sand and sandy silt.
Only one well (199-F5-43B) in 100-F has been completed in the RUM Unit (or hydrogeologic units
beneath it). Thus, groundwater flow directions and velocities in the RUM Unit are not well defined.
Groundwater from the RUM Unit may discharge to aquatic receptors or to an aquifer that will be used as
a drinking water resource in the future. Additional data collection from the RUM Unit is needed to
evaluate contamination, determine hydrogeologic characteristics, and evaluate contaminant fate and
transport.

Groundwater from well 199-F5-43B in the RUM Unit has been sampled for constituents that include
organics, inorganics, and radionuclides. This well is located downgradient of the 116-F-9 Trench and
relatively close to the shoreline (adjacent to well 199-F5-43A, Figure 4-1). Since sampling was initiated
. in 1995, groundwater contaminants have not been detected above cleanup standards.
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The RUM Unit is currently considered an aquitard. The continuity and integrity of the aquitard and
potential transport within the RUM Unit have not been fully evaluated. Additional data collection from
soil borings and wells is proposed to evaluate the continuity of the RUM Unit, its hydrologic properties,
and contamination concentrations. These data are needed to confirm that the RUM Unit serves as an
aquitard, and determine what, if any, contaminants exist within the RUM Unit.

Scope of Work: During drilling for installation of Wells 1, 2, and 3 (Figure 4-1), soil samples within the
RUM Unit will be collected for analysis for physical and hydraulic properties, as well as for the presence
and leachability of target analytes, described as follows for Data Gap No. 7. During drilling for each of
the three new wells, soil samples will be collected above the unconfined aquifer, within the unconfined
aquifer, just above the RUM Unit, and 1.5 m (5 ft) into the RUM Unit. At Well 3, at least two additional
samples will be collected prior to reaching terminal depth (approximately 15 m [50 ft] into the

RUM Unit).

The Well 3 proposed location was selected because it is within the footprint of the Cr(VI) plume
exceeding cleanup standards in the unconfined aquifer; the intent is to evaluate whether Cr(VI) is also
present in the RUM Unit beneath the contaminated unconfined aquifer.

The SAP provides details of sampling and analyses requirements for the groundwater and soil samples
collected during drilling.

Data Gap No. 7: Data are needed for a better understanding of hydrogeological conditions, aquifer
surface water interactions, and contaminant mobility through the vadose zone.

Background and Justification: Geological characterization and hydraulic property data are needed to
support modeling and site assessment. This includes developing a better understanding of hydrogeological
conditions in the aquifers and of interactions between the different aquifers and between aquifers and
surface water. These data will provide the basis for better understanding contaminant fate and transport.

The fate and transport of Cr(VI) are largely dependent on the effluent volume discharged and contaminant
Kq. Hexavalent chromium typically has a very low contaminant K4 (near zero); thus, it tends to move
through the vadose zone with the effluent discharged to the soil column. However, studies indicate that
this constituent can be retarded in the vadose zone, depending on source characteristics and iron
concentrations.

In addition to release of contaminants to the environment associated with effluent discharge during
reactor operations, contaminant fate and transport is affected by changes in groundwater elevations. The
periodically rewetted zone is the area where the water level in a well fluctuates throughout the year. The
river stage changes relatively rapidly on various time scales (e.g., hourly, daily, and seasonally).
Groundwater elevations in the unconfined aquifer and the RUM Unit respond to changes in river stage
near the river. River stage influence is observed up to several hundred meters inland, including in areas
where the elevated Cr(VI) concentrations have been detected. During times of high river stage (and
therefore high groundwater table elevations), contaminants such as Cr(VI) suspended in the periodically
rewetted zone can be re-mobilized to groundwater at unknown rates and concentrations. Thus, the
rewetted zone may be a continuing source of the relatively high concentrations of chromium observed in
groundwater. Conversely, during low river stage, contaminants in groundwater are left suspended on the
soil matrix, likely dissolved within residual soil moisture.
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The site-specific distribution coefficient for Cr(VI) needs to be further evaluated to support assessments
of contaminant fate and transport in the environment. In addition, the distribution coefficients of other
COPCs need to be evaluated. Site-specific values for additional soil properties are needed to support input
parameters for fate and transport calculations and modeling.

Soil and water analyses are also needed to determine the potential for each hydrogeologic unit to contain
sufficient contamination to be a continuing source of groundwater contamination. Multiple hypotheses
have been proposed to explain the persistent nature of Cr(VI) and Sr-90 detected in groundwater.

Scope of Work: Drill and sample soil and groundwater from the three proposed monitoring wells and the
three proposed boreholes described previously, in accordance with the SAP (DOE/RL-2009-43). Evaluate
the following soil and hydraulic properties of soil samples collected during drilling:

Unsaturated soil

— Moisture content

—  Grain size distribution
— Bulk density

— Porosity

Saturated soil

—  Grain size distribution

— Bulk density

— Porosity

— Saturated hydraulic conductivity
- pH

During installation of the three new wells, collect soil and water samples throughout the thickness of the
unconfined aquifer and the top of the RUM Unit as described previously. Soil samples will be collected at
intervals of 1.5 m (5 ft), as defined previously under Data Gaps No. 2 and No. 3, and additional samples
may be collected based on field observations. Samples will be analyzed for radiological and chemical
constituents as described in the SAP (DOE/RL-2009-43).

Install pressure transducers in the new Well 3 and a nearby shallow well to obtain information about
vertical hydraulic gradients. Install and monitor pressure transducers in selected other wells to determine
horizontal and vertical hydraulic gradients. To determine the K4 for Cr(VI), conduct batch leach tests on
selected soil samples collected during drilling at each of the three new borings and three new well
locations, in accordance with the SAP.

Perform batch leach tests on samples from the following locations at the three new boreholes and three
new wells:

Above the unconfined aquifer (for boreholes and wells)

Within the unconfined aquifer (for boreholes and wells)

Within the unconfined aquifer just above the RUM Unit (for wells only)
Immediately on entering the RUM Unit (for wells only)

Deeper locations within the RUM Unit at Well 3 (for wells only)

The SAP (DOE/RL-2009-43) contains a detailed description of the analyses planned. Analyses for wells
are the same as those listed previously for boreholes.
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Data Gap No. 8: Data are needed to reduce the uncertainty in spatial and temporal distribution of
groundwater contamination.

Background and Justification: To evaluate human health and ecological risk uncertainties associated
with the RCBRA, the RI process requires that groundwater data be collected to evaluate spatial and
temporal variability in groundwater conditions. Groundwater must be sampled throughout the area
without regard to the location of surface facilities or known groundwater plumes. If there are temporal
changes in groundwater conditions, samples must be collected to appropriately evaluate this variability in
order to properly identify risk to receptors.

Sampling well locations must be identified to spatially represent all of the area, regardless of facility or
known contaminant plume locations. These sampling networks should represent locations where human
or ecological receptors could potentially come into contact with groundwater. Any discussion of potential
residential use of the land at this location is solely for the purpose of analyzing risk and planning a
sampling program. The primary pathway for human exposure is through direct contact with groundwater
obtained from residential or community water wells. Identification of sampling locations to assess the
direct exposure pathways is based on the assumption that the land will be developed for future human
habitation.

Based on remedial action goals for the interim action ROD (DOE/RL-96-17, Remedial Design Report/
Remedial Action Work Plan for the 100 Area), the assumption for future habitation is a rural residential
scenario, which assumes that families will live on the land, grow a garden, and raise livestock to provide
approximately 25 percent of the family’s food requirements. This land usage places specific state and daily
water requirements for each residence. The remedial action goals are based on groundwater restored to
drinking water standards. It is also assumed at least a 2 ha (5-ac) plot per unit is necessary to raise livestock.
Thus, each residence in the following scheme assumes a family plot size of 2 ha (5 ac).

To estimate the appropriate number of sampling points for a monitoring well network, the average
site-specific groundwater yields are used to determine the number of residences that may be supported by
one water supply well. Thus, the site-specific grid size is determined. Use of a random grid generator
provides approximate locations for sampling points based on the final number of sampling points and the
total area.

In addition to determining the maximum number and location of potential exposure pathways, additional
wells are added to the sampling network to help define risk associated with known contaminant plumes.
Monitoring wells were chosen to provide data on the maximum contaminant concentrations present and to
better delineate the define plumes.

Scope of Work: Three rounds of groundwater samples will be collected for field screening and COPC
analysis, per the SAP (DOE/RL-2009-43), from the network of wells shown in Figures 4-1 and 4-2. This
network has been established to appropriately characterize groundwater conditions for the future land use
scenario just described. Three sampling rounds will be conducted during seasonal high, low, and
transitional river stages, for a total of three samples per well. Each round of monitoring in the network of
wells and aquifer tubes for this area will be completed within 30 consecutive calendar days to minimize
variability in water conditions. Groundwater elevations will be measured during each sampling round to
support evaluation of groundwater flow directions and velocities.

4.3.3 100-F/IU-2/1U-6 - Additional Scope of Work

The following tasks will be conducted as part of the scope of work under this RI/FS. These tasks are not
specifically related to a data gap, but will enhance the understanding of the site and support development
of potential remediation options.
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Task No. 1: Opportunistic groundwater sampling will be conducted at borehole locations.

Boreholes will be installed in various locations within 100-F/IU-2/1U-6, as described previously. The
purpose of these boreholes is for vadose zone characterization and to satisfy specific soil-related data
gaps. However, groundwater sampling from these boreholes may also be possible during drilling. In order
to maximize the amount of data available for decision making, groundwater samples will be collected
from boreholes to the extent possible. Conditions that may limit sampling may include limited
groundwater production or borehole collapse during sampling. Groundwater sampling will be conducted
as outlined in the SAP (DOE/RL-2009-43), for analysis for the full suite of groundwater COPCs. Samples
will be collected in the order of priority specified in the SAP, due to the possibility of limited water
availability. Data resulting from such sampling will be used to enhance the understanding of contaminant
distribution within 100-F/IU-2/1U-6.

Task No. 2: Develop list of potential remediation technologies.

Groundwater contamination above aquatic standards (Cr(VI])) and drinking water standards (nitrate, TCE,
and Sr-90) have been detected in 100-F/IU-2/IU-6. No groundwater remedial actions are currently being
implemented. The RI Work Plan will collect data necessary for development and evaluation of potential
final remedies as part of the FS. As part of the RI/FS study process, a comparison of potential
groundwater and/or soil remediation technologies will be necessary if contamination above applicable
cleanup and/or risk levels remains after completion of the RI. The project expectation is that the aquifer
will be returned to highest beneficial use (i.e., drinking water) and that the land will be suitable for
residential development.

A list of remedial technologies that are applicable to 100-F/IU-2/1U-6 will be generated as part of the FS.
Soil samples from new boreholes and wells will be archived so that future analyses could be performed to
support specific data needs for technology and remedy comparison. In addition, remedial technologies
have been evaluated for various contaminants found within 100-F/IU-2/IU-6 at other Hanford OUs,
including 100-HR-3, 100-NR-2, and 200-ZP-1 OUs. The remedial technologies that will be evaluated for
the FS can potentially be used as a sole remedy or in conjunction with other technologies. Potentially
applicable treatment technologies for Cr(VI) in soil and groundwater have been evaluated for 100-D
(SGW-38338, Remedial Process Optimization for the 100-D Area Technical Memorandum), and remedial
technologies for Sr-90 and tritium have been were evaluated for the 100-NR-2 and 200-ZP Groundwater
OUs.

Task No. 3: Update bathymetric data for the river within 100-F/IU-2/1U-6 to support calculations of
contaminant transport to the river and ecological receptors.

Ecological receptors (e.g., salmon redds) have been identified within the river. In order to evaluate
groundwater contaminant flow pathways to receptors (particularly from beneath the unconfined aquifer),
updated and accurate bathymetric data for the river are needed.

Based on current knowledge of the RUM Unit’s top surface elevations from inland wells, as well as from
river bathymetric data evaluated to date, the top of the RUM Unit is believed to intersect the river
channel, toward the bottom of the channel in 100-F/IU-2/1U-6; however, more detailed bathymetric data
and geologic information are needed to confirm this. Additional bathymetric data adjacent to
100-F/IU-2/TU-6 have been collected but not yet evaluated. These data will be evaluated to better define
the river bathymetry. The bathymetric data will then be combined with groundwater fate and transport
analysis to evaluate contaminant transport and risks to specific ecological receptors.
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5 Project Schedule

The project schedule for activities discussed in this addendum is shown in Figure 5-1. This schedule will
serve as the baseline for the planning process and will be used to measure the implementation progress of
this process. Any updates to the project schedule will be reflected in the annual work planning process
and are not anticipated to require a revision to this addendum.
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RI/FS and Proposed Plan for 100-FR-1, 100-FR-2, 100-FR-3,
100-1U-2 and 100-1U-6 Operable Units (Calendar Year)'

2009 2010 2011 2012 2013 2014

RI/FS and Proposed
Plan for 100-F/IU-2/IU-6 |Q1(Q@2|Q3|Q4| Q1| Q2| Q3 _04 Qi|Q2(@3|Q4|Q1|G2|(Q3|Q4|Q1|Q02(Q3|Q4|Q1|Q2|Q3 | Q4

Operable Units

RI/FS Work Plan to
Approval Work Plan Submittal Date 9/30/2008

Field Investigations v_r
HiEs e rsad D _Submn RUFS & PFI 11/3|0/2ol11

= 1 T T
Review Comments and Issue]ROD 04/30/2012

Issue ROD F

Complete RI/FS
and Proposed Plan
for all 100 and 300
Area OUs

2
RI/FS and PP for all ¢ 12/31/2012

100 and 300 Area OUs

_' Planned Work Notes:

Q Enforceable Milestone 1. Subject to Tri-Party Agreement Action Plan, Section 9.2, “Document Review and
Comment Process.”
A Target Milestone
2. The activities leading to the completion of the 100/300 Area RI/FS/Proposed Plan by
e Goal Milestone 12/31/2012 are targets and goals as described in TPA change package M-16-08-07.

CHPRC0905-21.2

Figure 5-1. 100-F/IU-2/1U-6 Project Schedule
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